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THE YIELD SURFACE IN 
COMBINED STRESS. 


By James J. GUEST. 


In devising a scheme for presenting the results 
of tests involving various combinations, 
| regarded the three principal stresses of a stress 
system as the co-ordinates of a point referred to 
three orthogonal axes (see Fig. 1), so that the locus 


stress 


y 


Fig.1. 


Values of o 
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thesis, the St. Venant maximum extension theory, 
the maximum shear stress hypothesis and the 
criterion arrived at as the result of my research 
described in it, namely, : 


Pi— Pat A(Pit Px) = 2 %- (1) 

in which A is a variable constant, correspond faceted 
yield surfaces, i.e., comprised of parts of flat sur- 
faces. Thus, in Fig. 1, which is a reproduction of 
Fig. 20 of my paper, the lines marked with various 
values of Poisson’s ratio, o, are the traces of planes 


Fig.4. 


B 
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S Values of o 
= o 
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of the point for combinations of stress which just 
cause elastic failure is a continuous surface—now 
generally known as the yield surface. It corresponds 
graphically to the algebraic criterion of failure, and 
to any properly formulated theory of elastic failure 
there corresponds a definite yield surface. As the 
relations between facts and possibilities are more 
readily apprehended when presented graphically 
than otherwise, I propose here to discuss the yield 
surfaces corresponding to some of the criteria of 


failure which have been advanced. The notation |so that the trace A E moves towards AC through metrically around a straight axis. 


used in this article is as follows :— 
Pir Pa Ps 
magnitude, tension being positive. 
q shear stress. 
t volumetric stress. 
fos Por Yo. Yo = Yield stresses in tension, compression, 
shear and under volumetric stress. 
Jo » Poo 
and under two equal compressions. 


To each of the criteria of elastic failure considered 


in my paper,* the Rankine maximum stress hypo- 





Materials under Combined 


1900, 


* ** Ductile 


Phil. Mag., July, 


yield stresses under two equal tensions | 


Stress,”’ | 


P 
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of the St. Venant yield 
surfaces for these values, 
that according to St. Venant 
| being 0-25 and the maxi- 
|mum possible 0-5. The 
| planes EA Band EBQD 


St. Venant 


| are parts of the shear stress 


yield surface, which is a 
hexagonal prism. 


261 


has a right circular cylinder as yield surface. Both 
| of these are surfaces of revolution. 

It has often been urged that the yield surface for 
the law of elastic failure, which is actually true, 
|must be a surface of revolution, and that it is 
| improbable that a criterion having a faceted yield 
surface can correspond with a law of nature. In 
“Theories of Strength,”’* A. Nadai (formerly Pro- 
fessor at Géttingen) expresses this view, writing 
|that the yield surface for the shear theory is a 
‘hexagonal prism and “ according to Mohr’s theoryt 


ae 

| Vy \ Y-00t 
OV. /5q JA ‘ | 
-6:12508 for A-0-2 


g 


Max Shear and 
Mises -Henky 





1 /Max. Shear 
| 


/ | 
¥ A-0-2 
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also a sort of hexagonal body is obtained having 


By adjusting the plane A E B round the line A B |six curved faces with sharp edges oriented sym- 


This leads to 


'an angle dependent upon the value of A for the| unsurmountable difficulties from a mathematical 


= principal stresses in descending order of | material considered (i.e., upon the ductility-brittle- | point of view 
ness property), a facet plane of the yield surface of | ducing Von Mises-Hencky 
The complete | . 


{the Guest criterion is obtained. 
| surface is an unequal-sided hexagonal pyramid. 


The Beltrami-Haigh total energy theory, having | cussing the shapes of the surface 


| the criterion 


p? + pi + pi —20(P2 Ps— Pa Pi— Pr Pr) =S5 (2) 


has a prolate spheroid as yield surface, and the 
Mises-Hencky shear energy hypothesis, having the 


| criterion 
(P2 — Ps) + (Ps — Py)? + (Pi — P2)? 


pit +p? —P2P:— PsP2— Pi P2)=2f% (3) 


at once eliminated by intro- 
condition of yielding. 
Reasons for the superiority of the (Mises- 
| Hencky) relation become more obvious when dis- 
of yielding corre- 
sponding to these relations.”’ 

| The yield surface being obtained by plotting the 
| principal stresses at yield as co-ordinates along axes 
|O2, Oy, Oz, will have an axis of symmetry O ¢, 


* Trans. Amer. S. Mech. E., vol. 55, page 111 (1933). 
+ For a discussion of ‘‘ The Mohr Theory,” see Auto- 
mobile Engineer, February, 1938. 








262 


Fig. 2, equally inclined to the positive directions of 

the axes, so that its direction cosines will all be 
l : , , 

COB & , and it will necessarily possess a 
/3 ? 


hexagonal symmetry of the kaleidoscopic type, 
each polar sextant being reflected in planes through 
O € and each of the axes O z, O y and Oz, and in 
planes midway between them. It is not necessarily 
a surface of revolution. In Fig. 2, which corresponds 
to Fig. 1, with axes marked O p,, O p,, O ps, for 
simplicity, the line A F E is the trace of the shear 
stress facet, and AS P that of the Guest law facet ; 
the points corresponding to the shear stresses are 
F and 8, and the shear line OF Sy bisects the 
angle p,Op,. As the axis of symmetry, O é, is 
perpendicular to O », these, with a mutually ortho- 
gonal line O ¢, will serve as axes for obtaining a 
convenient aspect of the yield surfaces. Here O D 
is the positive direction of O Pp, (QO 2 being the 
negative direction in Fig. 1), the points B and D 
correspond symmetrically with those of Fig. 1, and 
the line O é lies in the plane p,O B. The point 
K, (Py Po Ps) represents a state of stress, and in 
Fig. 3a view along the axis O F 8 » is given showing 
the relation of the new co-ordinates é, s t of K to 
the former. Drawing KM perpendicular to the 
plane p, O p,, ML perpendicular to O » and K H 
perpendicular to O %, projection gives 


, OL <= 71—P?! 
V2 
LM (Put Pe) 
V2 
and then 
, ) ,) 
KH K M cos « OM sin « Pit Pat Ps 
V3 
_ ; 
4 OH Oe oie oO Moone as Cee 
\ 6 
from which inversion gives 
(2 € -v2¢) 
Pi Ps 
V3 
(€ V/2 0) 
Ps 
V3 


The yield surfaces according to several criteria 
are shown in Fig. 4, the upper part showing their 
sections in elevation looking along the axis Of 
and the lower their plan sections by the plane » O ¢. 
In plan, the axes of stress are the equally spaced 
lines O A,, OA,, OA,; in the elevation, the line 
O A, is drawn at the angle « to O é, which it 
actually makes as this is convenient. The lines 


corresponding to OB makes an angle ; — « 
with O € and are similarly shown in the elevation. 
As they bisect the angles between O Py» Op, and 
O py, they will bisect the angles between the corre- 
sponding lines O A,, O A,, O A, in the plan, and so 
will lie along the negative (or compression) directions 
of these lines. 

In elevation, the yield surface section shown must 
be symmetrical with regard to O ¢ and the plan 
section symmetrical with regard to each of the lines 


0 A,, O Ay, O Ay 


symmetry. 


which is kaleidoscopic hexagonal 
The shear yield stress is here taken as 
the basis of comparison and so all vield surfaces 
pass through the shear point 8, the length of OS 
(see Fig. 2) being / 2 qo. 

rhe co-ordinates of K being p,, py, py, the length 
Ok (p? p? p2) 
the plane £ = 0, equally inclined to the stress axes, is 


is and as the total stress on 


/P, TP, +P 
\ 3 : 
and the normal stress on it is 
I », + > ») . 
o\Pi Pat Ps 
/3 
OK 
these stresses are represented by , and its 


Vv. 
projection on O € Hence, the shear stress on the 


mean plane is represented by , where y is the 


Vv! 
radial line from K perpendicular to the axis O ¢. 
his radius is also given by 
2 2 


Y 7 + ¢* (Pi— Pa)*+ 4 (2 Ps— Pi— Pr2)* 
aay Ps Ps — Pa Ps Ps Pi Pr Pa) 


ENGINEERING. 


where C is the modulus of rigidity and V the shear 
energy. 

The Von Mises assumption that elastic failure 
ocqurs when the shear stress on the mean plane 
é 0 reaches a certain amount, is open to the 
criticism that, as it makes failure to depend on 
shear stress only, the particular orientation or 
distribution of the principal stresses involved will 
be immaterial, and hence the shear stress at yield 
should be the maximum shear stress in the material 
irrespective of the relationship of the plane upon 
which it occurs to the principal axes of stress. 
The shear stress on the mean plane is not the 
maximum shear stress: Thus the Mises hypothesis 
is improbable. 

If the yield surface be one of revolution, its 
equation, and so the criterion of failure, will be a 
relationship between ¢ and y only, such as y = f (&) 
or V F (v). 

It has been proposed by F. Schleicher that the 
criterion of elastic failure should be assumed to 
be that the total elastic strain energy is a function 
of the mean pressure, and by W. ‘T. Burzynski 
that the energy of distortion should be similarly 
employed instead of the total energy, and Professor 
A. Nadai lays claim to making the suggestion* 
that the shear stress on the mean plane should be 
substituted. The above consideration of the yield 
surface makes it clear that all these various 
hypotheses are identical and merely alternative 
forms of expressing the assumption that the yield 
surface is one of revolution. 

The Mises- Hencky hypothesis, equation (3), makes 
the value of y constant, so that the yield surface is a 
circular cylinder, the plan being the circle passing 


through S (Fig. 4)—not fully drawn, to avoid 
confusion—and the elevation the pair of lines S U, 
§' U1, 
g : 2 3 a 
Since the volumetric energy | 9K ok’ 
where K is the modulus of compressibility, the total 
; , ; 3 - 
energy, being | Vs iS 5K io and equating 


this expression to a constant gives the yield surface 
of the Beltrami-Haigh total energy theory (equation 
(2) ), an ellipsoid. The plan of this spheroid is the 
same circle as for the shear energy hypothesis, 
but the major axis depends on the value of o for 
the material. 
tion, one with vertix at 


Two ellipses are shown in the eleva- 
V.,, where O V, = 208, 
corresponding to ¢ 4, and the other with vertix at 
V,;, where OV, V 2-508, corresponding to 
o == }, the theoretical value. 

It might be suggested that the volumetric and 
shear energies should be combined in some ratio, 
giving more latitude to the criterion, and result in 
some spheroid between V, 8 and the Mises-Hencky 
cylinder. This would, however, correspond to a 


variation in the , ratio of from 0-577 to 0-633 


only. 

The yield surface corresponding to the shear- 
stress criterion p,— p,= 24, Or 7 V2.4, i8 a 
prism (£ not occurring in the equation), the trace 
of one of its sides being a line through S perpendi- 
cular to OS. Thus, the complete surface—as 


any stress combination giving a point on the side 
of a plane remote from the origin will cause failure 
will be the prism on the regular hexagonal base S A, 
shown in broken lines, and the elevation section is 
the pair of lines S U, S' U!, as for the Mises-Hencky 
evlinder. ; 
By substituting for p, and p, in equation (1) the 
Guest criterion becomes 


9 
=o 


oe 


V3 
and this plane cuts the axis of symmetry at V where 
V V#.O8 


¢) 


Aly 


Oo , while its trace on the mean plane 


makes the angle ASO = tan-' V”, with O ». The 


complete yield surface is thus a pyramid cutting the 





ett. 


* loc 
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mean plane in the wunequally-sided hexagon 
SA, P,A,P,A,;P, shown in full lines. The 
hexagon is drawn, with lines to the vertex V, for 
the value A = 0-2, which is a representative value. 

As the material decreases in ductility the corres- 
ponding value of A changes from zero to unity. 
The corresponding change of the yield surface plan 
is from the regular hexagon of the shear stress 
criterion, through unequally-sided hexagonal prisms, 
to a pyramid upon an equilateral triangle as base, 


. . 7 J 
when S A, P, becomes a straight line at 3 to OS, 
the vertex simultaneously moving down from infinity 
along O é toa point distant 1-5 O S from O, at V,. 

For the maximum extension theory of St. Venant 
the stress point for non-failure must be on the same 
side of the plane p,— o (p,+ pz) = fy, a8 the origin 


is. The transformation of this equation gives 
(1 o) (2é v/2 0) 
vse fo 
V3 
or 
l—2o z 
é V2¢ V3 do, 
l o 
which plane cuts the axis of symmetry where 
3 (1 a)q : ‘ 
é \ : : '? and the mean plane in a line 
( 2 a) 


parallel to OS». Thus, the yield surface is a 
pyramid upon an equilateral triangle as base (as 
for the Guest yield surface where A is unity) with 
its vertex at V, where OV,=1-940S8S for the 
St. Venant value of o(}). 

The yield surface for the Rankine maximum 
stress hypothesis (taken literally) is a cube centred 
at O with its sides parallel to the planes of principal 
stress, and the corner on O € will be at V, where 
OV, = V1-50S, and the plan section is a hexagon 
with angular points at the shear points 8, 5S’. 

The Becker criterion* is approved by several 
specialists and it is stated that it “‘ appears to fit in 
very well with existing experimental work,’’t but 
as it regards failure as taking place under some stress 
combinations when the shear stress reaches a certain 
value, and under others when the maximum strain 
reaches a certain limit, there is some misconception 
involved. Accordingly, no attempt is made to 
illustrate it in this diagram. Neither is the maxi- 
mum-strain theory illustrated, although it is 
accepted as one of the main criteria of failure by 
many scientists, for it does not appear to have any 
basis in reason or support from experiment. It 
avoids reference to St. Venant. For drawings of 
the yield surfaces corresponding to these criteria 
reference may be made to an article in The Journal 
of the Franklin Institute, vol. 189, page 627 (1920), 
by Professor Westergaard (University of Illinois), 
who advocates the Becker hypothesis strongly. 

Of the two laws governing elastic failure which 
H. J. Gough and H. V. Pollard announced that 
they had discovered as the results of researches 
carried out at the National Physical Laboratory 
under the supervision of the Executive Committee, 

f*? q 

f2 x q om l, 
(where f is the normal stress on a surface and g the 
shear stress on that surface), which appears to be 
identical with the Hancock criterion,§ except that 
it is to be confined to ductile metals, does not fulfil 
the primary conditions necessary in a criterion, 80 
that it cannot serve as a law of failure and there is 
no corresponding yield surface. The second of 
these discoveries was claimed as a new law applying 
to brittle materials only and termed the “ general 
, the equation being 


ge  f2/f f j 
oe af) l 1? 2 Jo l. 
q° Je & ) fo ( 2) 


This, however, is the Guest criterion applied to 


the first, the Gough-Pollard Relation, 


conic ” 


{the particular stress combinations used by Gough 


and Pollard in their research, their “* general conic 
equation being merely an easy derivative from 
equation (1). Thus it cannot serve as a general 


* Univ. of Illinois Bulletin, 13.32, No. 85, 1916. 

+ Dictionary of Physics, vol. 1. ‘* Elastic Constants,” 
Professor R. G. Batson. 

t Proc. I. Mech. E., November, 1935 ; 


by 
The Iron and 


Steel Industry, vol. 9, page 137 (1936). 
§ Phil. Mag., vol. 16, page 720, November, 1908. 
| Proc. I. 


1.E., vol. 5, page 111. 
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criterion, and what yield surface it has is a part 
only of the Guest yield surface. 

The authorities of the National Physical Labora- 
tory, however, continue to maintain* that these 
two criteria are the true laws of elastic failure, 
thereby denying that the Gough-Pollard relation 
is the same as the Hancock criterion and that their 
“general conic’’ is merely a special case of the 
Guest law and my criticism} generally. Neverthe- 
less, as neither of these criteria has the necessary 
complete yield surface they cannot be true or dis- 
cussed here. 

As an argument that the simpler shear stress 
hypothesis was inadequate and that the volumetric 
term, A (p, + p,) in equation (1) was a necessity, 
I pointed out{ that “ volumetric, tension would 
ultimately reduce the material to the liquid or 
gaseous state and cause the necessary shear to 
evanesce,”” and accordingly the axis of symmetry 
must cut the yield surface at a finite distance in the 
positive direction. 

On the other hand, as steel, and some other metals, 
have been subjected to very high hydrostatic 
pressures without showing any sign of elastic failure, 
it is widely accepted that elastic failure cannot be 
produced by hydrostatic pressure, however great. 
Although I do not accept this as being generally 
true, it may be taken as true for the conditions here 
of importance. The yield surface accordingly 
should be open towards the negative direction of the 
axis of symmetry. 

If both these conditions are to be satisfied, the 
yield surface cannot be symmetrical with regard 
to the mean plane and the algebraic expression of 
the criterion must be asymmetric. The St. Venant 
and Guest criteria alone comply with this condition. 

Views diametrically opposed to the above, how- 
ever, are advanced by a number of scientists who 
maintain that the “ principal’ shear stresses, i.e., 
+P. — Ps Ps — Pr» $ P, — Po, alone are effective 
in producing elastic failure, and that accordingly 
the criterion of failure can contain such ternts only. 
Professor G. I. Taylor and H. Quinney, in “ The 
Plastic Distortion of Metals,’’§ ; Professor G. Cook, 
in “ The Elastic Limit of Metals Exposed to Tri- 
axial Stress *’||; Professor A. Nadai,{{ and Dr. H. J. 
Gough and W. J. Clenshaw in “ The Testing of 
Materials ’*** all present proofs of the truth of the 
above proposition and place complete reliance upon 
it. The maximum shear stress criterion and the 
Mises-Hencky hypothesis alone comply with this 
proposition. From experimental results, Cook 
favours the maximum shear stress criterion, and for 
like reasons the others prefer the Mises-Hencky, 
Gough and Clenshaw, stating that “it may safely 
be concluded that the Mises-Hencky relation affords 
the most satisfactory criterion for the condition of 
yielding of ductile materials under combined 
stresses.” 

In all the above papers the argument is of the 
same type, briefly as follows :—Reliance is placed 
upon the results of certain tests in which metals 
were subjected to high hydrostatic pressures, it 
being thus “* found experimentally that the addition 
of a total hydrostatic pressure does not produce any 
plastic strain.” It is thence argued that no change 
in volumetric stress produces any effect, and hence 
that volumetric stress has no part in producing 
elastic failure. Hence failure must depend upon 
shear stresses only. The argument, and therefore 
the conclusion, applies to all materials, so that both 
ductile and brittle metals are included. 

The step in this argument that, as the super- 
position of a hydrostatic pressure on an already 
stressed material does not produce yield it is 
without effect, is one which I decline to accept. 
According to the Guest law, such a superposition 
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| 


|no yield effect would appear. That the super-| Considering next the regular hexagonal prism 
position of a hydrostatic pressure has such an effect | of the shear stress theory, as the lines O A and O B 
| is in agreement with the results of experiments by | lie in the planes O A, and OP, in the plan, the 
| Professor Bridgman (Harvard University), in which | stresses f, and p, are to be considered by drawing 
an increase of shear stress was found necessary to | the (broken) line A, B, through A}, where O A} 
produce fracture when hydrostatic pressure was| = O A,, the radial distance to a corner of the 
applied, and as the increase was from 25 per cent. | hexagon. This is drawn to the left side in the 
to 50 per cent., the effect was unmistakable. I | elevation and points corresponding to A, 8, and P, 
therefore regard the proposition as untrue, so that | transferred across. As they fall closely on the line 
deductions based upon it should be rejected. | through A}, there is no difficulty encountered and 
All these theories (except the Guest shear stress | this yield surface agrees with experimental results 
and the Gough-Pollard Relation, which were | for such a steel. There is, however, no such agree- 
advanced for ductile metals only) are maintained ment with Mason’s results. 
as applying to all isotropic materials. In particular,| The yield surface according to the Guest Law is 
the maximum shear stress theory was set forth by | drawn for the value A = 0-2 and the planes O A, 
Coulomb as applying to cast iron and hard stone, | and O A, are considered as swung round O é, so 
the most important engineering materials of his| that their traces become A’, V and P! V where 
time. Ifa criterion contains principal shear stresses | O A',;= O A,, and O P',= O P, and V is the vertex 
only, whatever be its nature, the yield stresses in| of the hexagonal pyramid. The agreement with 
tension and compression in accordance with it will | Mason’s results is now seen to be not unreasonable. 
be equal. As these limits are very different for| Actually, a full consideration of Mason's results 
cast iron and other brittle materials, no such | shows the correlation between them and the Guest 
| criterion can apply to them. Thus the advocates of | criterion to be within the limits of the experimental 
|the proposition discussed above, who might desire | error. 
to limit its application to ductile metals, are faced| It is to be noted that it is the departure from the 
with the requirement of discovering another cri- | revolution-type surface which is the basis of the 





which have different yield stresses under tension 
and compression. 

From the above it is clear that the maximum 
shear theory, which was advanced by Coulomb, 
cannot be of general application. The ‘* Guest 
Shear Law ”’ was advanced as a rule for practical 
design in ductile metals only and as merely of 
sufficient approximation for such purpose—not as 
true. For accurate design to-day, and for any 
scientific discussion, the complete form, equation (1), 
of the Guest criterion, alone is to be used. 
| Taking the view that there is yield under volu- 
metric tension but not under volumetric compression, 





terion of a different nature to apply to materials | 


agreement and that if it were suggested that a 
circular cone having the same vertex as the hexa- 
gonal pyramid and touching its sides might be the 
yield surface instead, it would fail to show agreement 
with the experimental results, As the hexagonal 
prism is a special case of the hexagonal pyramid, 
when A = 0, the latter general case includes both 
examples plotted. 

In comparing a yield surface with experimental 
results it may be imagined as being increased or 
diminished proportionally to correspond to a 
change in the basis of comparison, here the shear 
stress yield. By so doing, a closer correlation may 
be obtained for an untrue or approximate criterion, 








the spheroids of the energy criteria would not be | but no adjustment whatever is needed for the yield 
admissible, but it might be suggested that a para-| surface of the criterion, which is actually true. 
boloid of revolution could serve as a yield surface. | Thus, as it does not appear possible to adjust a 
If the vertex be at 0, 0, A, its equation would be | yield surface of revolution to the facts, the suggestion 


| that the yield surface must be of this form, or V 








y=a(h— V3 é)or 
ee “ J (v) should be abandoned, The shapes of the various 
Pi T Ps tT Ps PePa” PaPs ~ Pi Pe | yield surfaces are easily pictured from the diagram 
: ‘ + (Pit Ps Ps) = ah }and, when the relative merits of any criteria are 
which gives 4 to be investigated, such a consideration of the 
ah=3495 =3at, yield surface suggests the type of experiment 
and | suitable for furnishing discriminating results and 
fi+af,=ah, thus serves to direct research along the most effective 
so that lines. 
q; _ (3 40" — fi) | 
Yo fo j 
qo TEMPLATE FOR MEASUR- 


Hence, there is a minimum value of =, viz., = 
fi V3 
so that the equation cannot apply to materials 
having a lower limit of this ratio and, accordingly, it 
cannot serve as a general criterion. 
Experimental results are here all compared with 
torsion tests, i.e., with gp, as the standard and are 
thus set out in the diagram. It is to be observed 
that a point of yield under double tension is set out 
by making O B = V2 fy), and that in making com- 
parisons that, while O A and O B may be considered 
as they are drawn when dealing with yield surfaces 
of revolution, they are otherwise to be treated as 
lying in their actual planes, O A and O P in the plan. 
In Fig. 4, on the right side, are set out points 
A, and P,, corresponding to Professor Middleton 
Smith’s tests in tension and compression, at B, 
to my tests in double tension, and at A,, B,, P,, and 
Q, to Professor W. Mason’s results*—the P points 
corresponding to tests in simple compression and the 
Q, point to double compression. 


0 











has the effect of necessitating a higher shear stress 
in order to produce yield, thus relatively increasing | 
the resistance of the material. If this is correct, 


* Annual Report of the National Physical Laboratory, 
1938, page 83. 

t For a discussion of the Gough-Pollard Researches, 
see Automobile Engineer, pages 327-332, September, 1937. 

+ Phil. Mag., July, 1900. | 


§ Trans. Roy. Soc., A., vol. 230, page 323 (1931). 
| 


Proc. Roy. Soc., A., page 559, 1932. 
{ loc. cit. | 
** Inst. Marine Engrs., vol. 47, page 10 (1935). 





The yield surfaces, if of revolution, and closed 
towards the upper end and open towards the lower, 
would have sectional curves such as indicated by 
the broken lines. As lines joining Ay B,, A, B, and 
P, Q, are approximately parallel to O £, the section 
of the yield surface would contain undulations— 
unless these experimental results are greatly in 
error or the material used of some very irregular | 
nature. There is, therefore, considerable difficulty 
in reconciling the hypothesis, that the yield surface 
is one of revolution, with experimental results, 





122, December, 1909. ! 


* Proc. Inst. Mech. E., page 





ING CURVED ARCS. 
By B. Hacun, D.Sc., F.C.G.1., M.LE.E. 


In a recent article* on the design of French 
curves, it was briefly mentioned that the ordinary 
logarithmic spiral has the property that the 
difference between the radii of curvature at two 
points on the curve is proportional to the are of 
the curve separating the points. The profile may, 
therefore, be graduated with a uniformly-divided 
scale of arc and of radius, and can be used to 
measure the length of curved arcs and to estimate 
their radii of curvature. In some graphical work 
it was recently found convenient to construct and 
use such a template, and it is believed that a note 
on the principles by which it was designed will be 
useful to others who wish to make curves of this 
kind. The template has proved useful not only 
for its original purpose but also in other applications, 
as in measuring path-lengths in magnetic design, 
road itineraries from maps, etc. ‘Templates of 
this class are on sale in Germany but appear to 
be unknown elsewhere. 

The equation for a logarithmic spiral in polar 
coordinates is 


r=@ e”, 


the form of the curve being shown in Fig. 1, page 264, 
for a negative value of m, i.e., for one in which the 
radius-vectors decrease in geometric progression for 
equal changes in the positive value of @. In text- 


* B. Hague, ENGINEERING, vol. 149, page 215 (1940). 





204 


TEMPLATE FOR MEASURING 


pn Fig. 








m7a 


(7969.4) 


“ENGINEERING” 


books on the calculus it is shown* that the radius of | 
curvature at any point on a curve with a given | 


polar equation is 


d r\?> 
(3) | 
dr dr’ 


: 
a 2 (aa) "de 


and that the length of arc, measured along the 
curve from a point defined by a datum value r, of 


the radius-vector, is 
2 
) 1 |ar, 


RVAEr 


For the logarithmic spiral 


dé 
dr 


dr dr 
a0 mrand | g m' r, 
so that 
R rv/(l + m*). (1) 


Taking the datum from which to measure s as the 
extremity of the radius-vector defined by @ = 0, 


r, = a, gives 


(r a). (2) 
lf the radius of curvature at the point A is R,, 
equation (1) gives 
R —R, a) Vii 
Comparing equations (2) and (3) 
R Ry, 
which shows that equal changes of radius of curva- 
ture correspond to equal increments of arc, as 
stated in the introduction. It is further shown 
in the paper cited that the fractional rate of change 
of curvature is 
1dR 
Rds 


(r m*) 


(3) 


me. , . (4 


m ] m 


4/(L + m*) ° R’ 
In the design of a template it is necessary to fix 
the limiting radii of curvature R,, R, at its ends 
and the total arc s,, between them. Then equation 
(1) gives 


(5) 
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EACH DIVISION OF ARC O5CM RADIUS CHANGES 125CM PER DIVISION 
s i¥ 
. Oo no 30.99'h 
; ¢; nt yun Lw Ns c 
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c Of s¢ Ov 
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| and the total angular spread @, is obtained by | using equation (8). Substituting for m and calling 


r, in this equation, giving 


4-0943 _ 
a2 9.5 


| putting r 


= 1-6377 radian 


- 93-86 deg. 


1 
Os 5-5 log. 60 


The complete design of the template will now | 


| the rate of change p per cent. per millimetre of arc, 


9 


- 2-5 x 100 


- 20 
10 (60 


P= =Iaa"a—-s ™ 


Table I gives values of r, 0, R and p for a series of 
typical points spaced 2 cm. apart along the curve, 


be worked out to illustrate the process to be! showing the range of variation of radius of curvature 
TABLE I. 

n divs 0 4 . 12 16 20 24 2 | 3 36 40 44 47-2 
scm 0 2 6 8 10 12 14 16 18 | 20 22 23-6 
rem 22-28 | 20-43 | 18-57 | 16-71 | 14-85 | 13-00 | 11-14] 9-28 | 7-43 | 5-57] 3-71 | 1-86 | 0-37 
@ deg 0 1:99 | 4:18 | 6-59 | 9-20 | 12-35 | 15-89 | 20-06 | 25-18 | 31-77 | 41-06 | 56-95 | 93-86 
R em 60 55 50 45 40 35 30 | 25 20 | 15 10 5 1 

p per cent. per mm. | 0-417 | 0-455 | 0-500 | 0-556 | 0-625 | 0-714 | 0-833 | 1-000 | 1-250 | 1-667 2-50 10-0 25-0 


followed in any other case. 


n be the number of such steps between A and a} 
given mark on the scale. Then s = 0-5n. Equat- 
ing this to equation (2) gives 


| 
0-5 mn | 


r=a¢ « | 


Vv ‘(L + m*) 
which, on substitution of the above values, gives | 
22-282 — 0-46423 n . (6a) | 


| 


r 


for the value of the radius-vector to the nth mark 
on the scale. To find the corresponding angle, | 
comparison of the polar equation with equation (6) 
gives 








r me 0-5mn 14 0-5mn 
€ + —- = -- —» 
@ a 4/(1 + m?) Ry 
so that 
0:5 n 
m @ = log, [1 }. . (7) 


Again, substituting the numerical values, 


@ = log [1- ” | = 2-3026 log,, | 1 — 2 
€ 48 10 48 ° 


so that @ in radians is given by 
@ = 0-92103 [log,, 48 — log,, (48 — m)] (7a) | 


Equations (6a) and (7a) are in a convenient form | 


Z 
2-5 


| 
| 
| 
| 
| 
| 


It was decided to| 
| divide the profile into steps of 0-5 cm. each; let 


and its rate of change at these points. These are 
the points numbered in Fig. 2 with the appropriate 
radius of curvature. To use the template, it is 
applied to the curve that is to be measured until a 
portion of the curve is fitted by some part of its 
profile. The number of 0-5 cm. divisions in the 
fitted portion is counted and the end points are 
marked by pricking with a needle. The template 
is then moved to fit another arc starting at one 
of the end points of the first section and so on. It is 
best to start at that part of the curve which has the 
least radius of curvature and to work therefrom 
in steps towards the flatter parts until the whole 
has been traversed. The total number of divisions 
is noted and any residue less than a division is 
easily measured by means of a straight-edge gradu- 
ated in millimetres. 








GLASS REINFORCEMENT FOR 
CONCRETE. 


In our issue of September 20 last, on page 225, we 
referred to a method of using glass instead of steel 
for reinforcing concrete and gave the results of bending 
tests on beams 4 ft. 6 in. in length and impact 
tests on beams 2 ft. 3 in. long. The system has been 
developed by Mr. A. W. Soden, A.R.I.B.A., and Mr. 
John A. Lincoln, and the tests referred to were carried 





| 
for computation on a calculating machine; by| out by Dr. W. S. Marshall, A.M.Inst.C.E., in the 
giving n values from 0 to 47 inclusive the r, @| Structural Laboratory of the City and Guilds College, 
We mentioned, in the conclusion 





further investigations were proceeding with the object 
of overcoming this and certain other difficulties encoun- 


r=a Ra and ry Ry : co-ordinates of points spaced by 0-5 cm. along | South Kensington. 
vil m?*) Vy (1 + m*) the arc from A are obtained. These are plotted of the article, that there were limitations in the length 
and equation (4) makes by means of a precision protractor and scale, trans- | of the glass strips available for reinforcement, and that 
a * ferred to transparent celluloid by pricking through | 
3% ne the plotted points with a needle, the template then 


being cut out, filed to shape and suitably engraved. 

Two working edges are provided, one scale beginning | 
at the right and the other at the left ; the gradua- | 
tions are marked on the under-side of the template | 


In the example illustrated in Fig. 2, R, = 60 cm., 
R, = 1 cm., and s,, = 23-6 cm., values that were 
found to be suitable for the purposes for which 
the curve was intended. From these figures 


so that they are in contact with the paper and | 


- 60 : 
pa Son . 2-5; 4/(1 + m) = 4/7-25 =2-6026; parallax errors are avoided in use. 

23-6 From equation (4) the radius of curvature at the 
‘=a 22-282 cm., and r, = 0-37138 cm. nth division is 


rhe equation to the spiral is R=R,+ms=R,+0-5mn=60—1-25n. (8) 


99 . 9R6 250 2 ; 
r = 22-282 « Using equation (5), the fractional rate of change of 
rv i 
* See, for example, J. Edwards, Integral Calculus, CUEVERES & 
vol. 1, pages 525 and 555 (1921); or L. Toft and A. D. D. 1dR- 7 ed 
McKay, Practical Mathematics, pages 212 and 348 (1931). Rds R 60 — 1:25 n’ 


tered in developing the system. Some of these investi- 
gations have now been completed and further tests 
have been carried out by Dr. Marshall, from whose 
report we have extracted the information given below. 

The tests were made for Messrs. Pilkington Brothers, 
Limited, 63-65, Piccadilly, London, W.1, and Messrs. 


| Honeywill and Stein, Limited, 21, St. James’-square, 


London, 8.W.1. The objects of the tests were to 
determine the resistance moment of beams of 12 in. 
by 7 in. and 9} in. by 44 in. sections ; to determine the 


| grip length or “ lap” required for glass reinforcement ; 


and to design a beam of long span using short lengths 
of glass with the lap previously determined and to test 
such a beam. The concrete used throughout the tests 
was a 1: 2:3 mix of rapid-hardening Portland cement, 
well graded clean river sand, and Thames ballast. 
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For the concrete between the glass strips a 3-in. 
aggregate was used, and for the portion of the beam 
above the glass }-in. aggregate was employed. A 
wetter mix was used for the lower part of the beams 
to facilitate consolidation. The glass reinforcement was 
supplied by Messrs. Pilkington Brothers and consisted 
of strips } in. in thickness. 
strips were placed vertically, the fire-finished edge being 
given $ in. cover of concrete on its under side. Details 
of the specimens are given in Table I. 
1 to 10, the test was carried out on a 6-ft. span and for 
specimens 1] and 12 on a 9-ft. span, the loads being 


applied at the third points in each case. Specimen 13/| feature of the tests has been the consistency of the 


was tested on a 16-ft. span, the loads being applied 
at 5 ft. 6 in. from each support. During the test the 


TABLE I.—Details of Specimens. 
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similarly reinforced section (specimens 1 and 3) without 


|laps was 288,000 in.-lb., thus giving a ratio of 0-93 | 


In each specimen the glass | 


For specimens | when impact loads are likely, but these tests confirm | 
| twice as much as the fabricated frame. 


| 5 ft. long by 3 ft. wide by 3 ft. l in. high. The material 


| 


i canal aaa tea 


A ~~ ae | based on this moment varied in the Kensington tests 
8 strips, 5% in. deep, | from 2-3 to 2-8; in the present series it varied from 
3 ft. 9 in. long, with | 2-98 to 3-81. 


Speci- Cross- 
men Section of Length. Reinforcement. 
Number. | Concrete. 
—— : — -— —— 

1 12 in. x 7 in. | 6ft.4in. | 7 strips, 5§ in. deep, | 
6 ft. long. | 

2 12 in. x 7 in. 6 ft. 4 in. - - 

3 12 in. x 7in. | 6 ft. 4 in. = a 

4 12 in. x 7in. | 6ft.4in. | 4 strips, 5§ in. deep, 
6 ft. long. 

5 12 in. x 7in. | 6 ft. 4 in. - o 

6 12 in. x 7in. | 6ft.4in.| 8 strips, 5% in. deep, 
4 ft. long, 
central lap of 2 ft. 

7 12 in. x 7in. | 6 ft. 4 in. = a. 

Ss 12in. x 7in. | 6 ft. 4 in 8 strips, 5§ in. deep, | 
3 ft. “7 in. long, with 
central 

a) 2in. x 7 in. | 6 ft. 4 in. 

10 12 in. x 7 in. | 6 ft. 4 in. 
central lap of 1 ft. 6 in. 
ll 9$ in. x 4$in.| Oft.4 in. | 4 strips, 4} in. deep, 
9 ft. long. 
12 9} in. x 4} in.) 9 ft. 4 in. 
13 12 in. x 8 in. | 16 ft. 6 in. 


deflection at the centre of the span was measured by a| materials is 3-5; for brittle materials it is much 
Mercer dial and from these readings the modulus of | higher, generally of the order of 10. Glass reinforced 


elasticity of the material was calculated. 


Dealing first with the specimens without lap, where | low factor of safety which Mr. Soden’s figures give is | 
the object of the tests was to determine the resistance | definitely bad practice. 


moments, the results are summarised in Table II. The 


failure occurred in all cases by tension and was of the | Of @ glass-reinforced beam can be expressed empirically 
In most cases | by the formula M = 1,250td*, where ¢ is the total 


type associated with brittle materials. 


| 


| 
| 


between the two strengths. This test was very satis- | 
factory, as it showed that the value of 2 ft. taken for | 
the lap in the design of the beam was satisfactory. 

Dr. Marshall’s conclusions were as follows :—It has 
already been stated in the previous tests carried out | 
for the Kensington Borough Council (see page 226, | 
ante), that glass should not be used as reinforcement | 


the fact previously stated that for static loading glass 
makes a suitable reinforcement for concrete. The 


behaviour of the material, only one reject result having 
been obtained in the whole series. Apart from inability 


TABLE III.—Results of Tests on Lapped Specimens. 

















Speci- B.M. | Ratio Strength 
men Lap. | oo | at | Strength of 
No. Failure. unlapped. 

} 
- —| 
| | 
6 | 16,870 Ib. | | 
7 | 15,810 Ib. | } 
Av. 2 ft. O in. | 16,340 Ib. | 196,000 in.-Ib. | 0-985 | 
8 13,970 Ib. 
9 15,470 Ib. } 
Av. 1 ft. 9 in. | 14,720 Ib. | 176,500 in.-Ib. | 0-886 
10 1 ft. 6 in. 11,070 Ib. | 132,800 in.-lb. 0-666 
1 


to resist impact the main criticism to make against 
the reinforcement is the value of the safe resistance | 
moment calculated by Mr. Soden. The factor of safety 


The increase in the present tests was 
probably due to the }-in. cover of concrete on the 
under side of the glass ; as this will be used in practice 
the values obtained in the present series may be 
taken as representing the true case. The generally 
accepted value for the factor of safety for ductile 


concrete is definitely brittle material and to use the 


The tests show that the ultimate resistance moment 





a preliminary crack occurred at about 90 per cent. | thickness of glass plates used and d is the depth’ of 
of the failing load. The deflection readings taken gave | the beam measured to the edge of the glass reinforce- 
an average value for the modulus of elasticity of|ment. Taking this value as the ultimate resistance | 
3-5 x 10° Ib. per square inch, which is approximately | moment of the section, it rests with the firms using the | 


the same as that for plain concrete. 


The following simple method was used to determine | factory value for the factor of safety for the conditions 


the grip length required for a glass strip 5j in. deep: 
The beams 6-10 were made with short strips of glass 
of the lengths stated in Table I, thus giving laps 
varying from 1 ft. 6 in. to 2 ft. 


TABLE II.—Results of Tests of Unlapped Specimens. 


| 


Speci- sili B.M. Design Factor 
mer — at Moment | of 
No. noane Failure. (Soden). | Safety. 

| 
1 25,290 Ib. 
2 19,060 Ib.* | 
3 23,900 Ib. | 
Av. 24,600 Ib. 288,000 in.-Ib. | 91,500 in.-Ib. 3-15 
4 15,360 Ib. 
17,960 Ib. | 
AV 16,660 Ib. 199,000 in.-Ib. | 52,300 in.-lb. 3-81 
ll | 5,560 Ib. } 
12 5,330 Ib. 
Av 5,450 Ib. 98,200 in.-Ib. | 33,000 in.-Ib. 2-98 


| 
* Reject result. 


gave the strength of a beam using continuous reinforce- | from one set of patterns, the cost of which is divided | by Messrs. 


| 


| 


material to adopt what, in their opinion, is a satis- | 
under which the material is being used. 

This report must not be taken as conclusive evidence 
on the value of glass as reinforcement. Much end 


Specimens 4 and 5 | exhaustive tests would have to be carried out before 


it could be universally adopted. In these tests certain | 
problems which were of interest to the parties concerned 
have only been investigated, and I do not wish this | 
Report to be taken as a thorough investigation of the | 
subject. 


| 
| 








THE ARC-WELDED FABRICATION | 
OF MACHINE TOOLS. 

Art first sight it might seem that the fabrication of | 
machine tools by electric-are welding savoured more | 
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‘ 


tion of the specific examples of which illustrations 
are given. The structure shown in Fig. 3 is a frame 
for a punching machine with a capacity for punching 
holes 2 in. in diameter in mild-steel plate § in. thick. 
The frame does not show any great saving in weight ; 
such a characteristic was, indeed, unnecessary, but 
it does show a saving in cost since, in order to withstand 
the stresses inseparable from the working of a punching 
machine, a steel casting would otherwise have had 
to be employed, and this casting would have cost nearly 
The frame is 


is mild-steel plate, flame cut to shape, the base being 
1} in. thick and the sides 1 in. thick. The total weight 
is 22 cwt. Where machined surfaces were required, 
these surfaces were rough-machined before welding, 
finish machining being done on the completed struc- 
ture. No jigs or fixtures were used and the welding 
was done by means of covered electrodes of $ in. weld 
size. The seams were made with 1 run, No. 8 gauge 
electrodes and 33 runs No. 6 gauge electrodes and the 
average welding speed was 15 minutes per foot run. 
One aspect of fabrication is evident in the design, 
viz., that there is a distinct difference in appearance 
from a casting. The outline is rectilinear, none of the 


| transitional curves necessary in a casting being present. 


This change is not, of course, of importance even from 
the wsthetic point of view, for there is no reason why a 
rectilineal outline should not be as satisfactory as the 
curved one to which we have become accustomed. 
It is stated that the design permits easier access 
for assembly and maintenance of the moving parts 
of the machine than a casting would have done and 
that the machine has already given seven years’ 
satisfactory service. ‘The work done on many machines 
subjects the frame and bases to shock and vibration, 
conditions conducing to fatigue, to which mild steel 
is much less susceptible than cast iron. With a cast 
iron construction the damping of vibrations may demand 
heavier scantlings than are necessary for strength 
and it is not always possible to forecast the effect of the 
coincidence of the natural frequency of vibration of 
the structure with that of the work, such coincidence 
being a condition to be avoided. With a welded 
structure, the natural period of vibration may be 
varied by altering the stiffness or mass as experience 
with the machine suggests, with little trouble and, 
generally, without impairing appearance. 

The example shown in Fig. 4, is a successful applica- 
tion of fabrication to withstand vibration as it shows a 
bed for a reaming machine in which great rigidity is 
required. The bed is 6 ft. 4 in. long by 3 ft. 6 in. wide 
by 2 ft. 9 in. high, and weighs 24 cwt. The material 
is mild-steel plate 4 in. thick, partly sheared and partly 
flame-cut to size. The chip and lubricant tray, of 
lighter material than the bed proper, is, of course, also 
secured by welding and is not liable to damage. The 
slideways with the usual tee-slots were rough machined 
before welding, a fine finishing cut to ensure alignment 
and accuracy was all that was required after welding. 
No jigs or fixtures were used, all parts being first tack- 
welded together, checked for position and then 
welded up. Covered electrodes # in. by } in. weld size 
were used and the welding speed ranged from 12 minutes 
to 15 minutes per foot. The saving in time of construc- 
tion was marked, since there were no patterns or core- 
boxes to be made nor moulding nor casting to be done, 
the manufacture of the bed being commenced imme- 
diately the drawings were completed. Data are not 
available as to the saving of weight over a cast-iron 
bed, but in general it is considered that, where weight 


| of a tour de force or of an experiment rather than a/| reduction is of importance, a welded structure equal 


really practical method of construction, seeing thet | 


machine tools, using the term in its narrowest sense, | 
are usually made in quantity; a particular size of | 


in rigidity to a cast-iron structure, designed on correct 
lines, will have a weight of only two-thirds of the 
casting. The machine was fabricated in 1935. The 


| drilling machine, for example, being made in batches | machines illustrated in Figs. 3 and 4 were constructed 


British Thomson-Houston Company, 


ment and by comparing the strength of the beams | over those batches. The object of the present account | Limited. 


with lapped reinforcement with these beams it was/is to examine briefly how far the view stated above is | 
possible to determine the amount of lap required to | tenable. 
It is realised that this is a | illustrated in Figs. 1 to 5,on Plate XVIII, and page 270, 


give the same strength. 


The five examples of arc-welding fabrication 


The structures shown in Fig. 1, Plate XVIII, illus- 
trate very well that a problem presenting difficulty in a 
casting of any material is capable of complete solution 


very inadequate method of tackling the problem, but | cover a wide range and, in most instances, have been | by the adoption of welding. This problem arises when 
it is suggested that it provides some useful information | in service for sufficiently long periods to prove the | the design requires masses of metal integral with thinner 
as a prelude to further work. The results of the tests | soundness of the method as regards durability. In| webs. In the pair of housings for plate-bending rolls 
are given in Table III. These tests thus showed that | considering arc-welding fabrication for the specific | seen in the figure, the bearings are carried in large solid 
2 ft. was sufficient lap for the glass used in these beams. | purpose already indicated, it is not suggested that the | blocks of steel, flame cut and welded to rolled-steel 
The failure was similar to the other beams tested, #.e., | day of the casting is over, nor is it implied that the newer | frames of box section. The general thickness of the 
a tension failure, the fracture section occurring in each | construction is desirable only in cases where one machine | plates employed was 2 in., though some parts were 
case at the end of the lap. The deflection readings | and not a batch is required and the cost of patterns | 10} in. thick. The housings have been in service since 
gave the same value for the modulus of elasticity as for | would, therefore, be a high proportion of the total | the early part of 1938, the duty of the machine being 
the unlapped reinforcement. | cost. What this account is intended to convey is that | the bending of plates up to 20 ft. wide by 1} in. thick. 

The final problem in this series of tests was to use | arc-welding fabrication has now reached a stage such | Each frame is approximately 7 ft. 6 in. wide by 1 ft. 9 in. 
lapped reinforcement in the design of a beam of long | that in preparing a new design it is entitled to full thick by 8 ft. 6 in. high, and the total weight of the two 
span using only glass strips less than 10 ft. in length. | consideration from the points of view of rendering a frames before machining was 16} tons. A different 
By stopping off the reinforcement to match the bending- stronger constructional material available, reducing | type of welded structure, viz., a flat surface ‘stiffened 
moment diagram and using a lap of 2 ft., it was found | weight, reducing cost, eliminating the risk caused | by ribs, is shown in Fig. 2, Plate XVIII. This is an 
possible to keep the maximum length of reinforcement | by defective castings, saving of time in construction, | instance in which the making of expensive patterns and 
at 9 ft. 6 in. in a beam of 16-ft. span. The beam failed | and so forth; not that a welded structure invariably | core-boxes was not warranted, since only one structure 
at a load of 8,130 lb. by a tension crack 18 in. from | possesses all these advantages but that it may do so. wan wanted, this being a table 14 ft. in diameter by 
the centre of the span. This corresponds to a bending | Perhaps the implications of the consideration sug- | 14 in. deep, which was required for the conversion of 
moment of 269,000 in.-lb.; the moment taken by a ' gested above may be best brought out by the examina-’ an existing slotting machine to enable radial slotting 





2060 
snd planing to be carried out. The table was made 
in halves for convenience in hiundling, the total weight 
before machining being 18 tons. The top of the table 


is 3} in, thick after machining and the average thickness 
of the stiffening ribs is I} in. It understood that 
the table has been in service for about a year. The 
bending and straightening press frame shown in Fig. 5, 
page 270, is a good exampl: of fabricated construction 
for a machine subjected to heavy loads. The capacity 
of the press is 360 tons and it will bend or straighten 
bars up to 10 in. in diameter. The machine will also 
break rounds up to 8 in. in diameter, or squares up to 
7 in. side. The weight 9 the length about 
il ft. 3 in., the maximum width 2 ft. 6 in., and the 
height 5 ft. The frame is manufactured from mild-steel 
plate of an average thickness of 2 in., with a maximum 
thickness, in parts, of 8 in. The machine has been in 
for approximately 12 The time 
required for the assembly of the complete frame by one 
man was one week 

The structures illustrated Figs. 1, 
manufactured by Messrs. Dorman, Long and Company, 
Limited, Middlesbrough. were 


18 


is tons, 


service months, 


2 and 5 were 


in 


Covered electrodes 


used in all cases. The joints were either double-bevel 
or double-Vee, depending on the relative positions of 
the several components, while fillet welds were used 


between the various stiffeners and the main body. The 
fillet welds, all of 90 deg., were made with electrodes 
} in. in diameter for the first run and either } in. or 


*& in. for the subsequent runs. The number of runs 
on each seam naturally varied with the thickness of | 
the plates employed and according to the stress on the 


particular joint. Each plate was separately flame-cut 
to size, fitted together and tack-welded before complete 
Any slight distortion due to welding was 
faces after the 
sctual machining allowances being much smalicr than 


No jigs of any kind 


assem bly 


eliminated by machining the welding, 


are normally required on castings 


were Necessary 

In conclusion, it may be observed that while the 
thove article by no means gives a complete account of 
machine-tool fabrication by arc-welding, it may serve 


is an indication of the potentialities of the method. 
There will be understood, other firms than those 
mentioned employing this method. We 
indebted to the two tirms specifically referred to, as 


ire, it 


above are 


well as to Messrs. Murex Welding Processes, Limited, 
Waltham Cross, Herts., for much of the information 
on which the article is based, and to Messrs, Craven 
Brother Manchester), Limited, Vauxhall Works, 
Reddish, near Stockport, for permitting the publica 
tion of Fi », the table having been supplied for one 
of their machines 








HIGH-PRESSURE THREE-RAM 
PUMPS. 


[ue positive action of the single-acting ram pump 
has long of where small of 
water or other fluid at a high pressure are required, 
other advantages being the durability, ease of main 
tenance and low cost of the type. Messrs, Worthington 
Simpson, Limited, Lowtield Works, Newark-on-Trent, 
have recently developed a three-ram pump running at 


been service quantities 


t maximum speed of 300 r.p.m. and suitable for pres 
sures up to 350 Ib. per square inch, which includes these 
th 


advantages, low cost being secured by quantity 


production An example of the pump is shown in 
the accompanying illustration, It is, of course, power 
driven, though not necessarily by motor and belt, 
as shown; the crankshaft pulley may be driven from 
t line shaft or countershaft The pump is made 
with three alternative sizes of plunger, the stroke in 
all sizes being 2 in. The smallest of the sizes, viz., 
that with rams 4 in. in diameter will deliver from 
20 gallons to 65 gallons per hour, according to the 


speed, a motor of 4 brake horse-power being required. 
Che intermediate size, with §-in, rams, has a delivery 


capacity of between 40 gallons and 105 gallons per 
hour 
\ j brake horse power motor can be employed 


for deliveries up to 70 gallons per hour, but beyond this a 
j-brake horse-power motor is This size 
of motor can be employed for the largest size of pump, 
viz., that having }} in. in diameter, provided 
a delivery of more than 125 gallons per hour is not 
A 1-brake horse-power motor is needed for 
maximum of L380 gallons 


required 
rams 


required 
outputs between this and the 
per hour, the minimum delivery being 60 gallons per 
hour 

These outputs, together with the maximum working 
pressure, indicate that the pump can be employed for 
the feeding of small boilers, for producing a high velocity 
jet for purposes, for filter testing and 
cleaning, and for many other purposes in which a small 
volume of fluid is required at a high pressure. The 


wash-down 


overall dimensions of all three sizes of pumps are the 
pattern being used for all the body 


sume, only one 
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castings, and are | ft. 11 in. in length by 1 ft. 1 in. in 
| width, the motor, of course, not being included in these 
figures. The suction is screwed | in. and the delivery 
j in., both for British Standard pipe threads. It will 
be evident from the illustration that the main casting 
is a single piece which comprises the pump body 
and valve chests and the crankcase, the latter embody- 
ing the main bearing seats and the crosshead slides. 
These latter are cylindrical and they and the holes for 
the rams in both the crankcase and the pump body, 
are bored, and screwed in the latter case, at one setting, 
without removal from the jig so that accurate alignment 
is ensured, This alignment is preserved in the boring 
of the main bearing seats at right angles to the ram 
axes. 


cover over the main bearings. The crankcase is 
wholly enclosed and is dust-proof, and an oil-bath in 
the lower part lubrication to the 
bearings and other working parts. The whole of these 
| parts can be readily withdrawn in one assembly for 
by removal of the crankcase cover 
and bearing. ‘The main bearings are of die-cast white- 
metal, as also are the big-end adjustable connecting-rod 
The connecting-rods are of steel and of the 


provides splash 


Inspection, ete 


bearings. 


marine type. The crosshead ends are fitted with 
removable bronze bearing bushes. The crossheads 
are of bronze with steel pins ground to size. The 
crankshaft is of steel with the cranks at 120 deg. The 


rams are of Immadium bronze and are ground in one 
operation with the crossheads so that concentricity 
|of both parts is ensured. Bronze deflectors are fitted 
to prevent water from the pump end entering the crank- 
case, and similar precautions prevent oil leakage. The 
ram stuffing boxes are of bronze and are screwed into 
the pump body. The packing is of Messrs. Ronald 
Trist and Company’s 8.E.A. type. The valve arrange- 
ment will be clear from the illustration. Access to 
each valve box is obtained by a screwed cover, The 
valves and springs are bronze, the former being of the 
wing-guided pattern. The valve seats are also of 
bronze and are driven in on a taper. The particulars 
given above relate to the standard pattern of pump. 
A delivery air vessel, and a combined by-pass and 
relief valve can be fitted if required. For use with | 
liquid which will attack bronze, pumps provided with | 
stainless-steel rams and valves and other steel parts | 


ean be supplied. 








THE WATER SUPPLY OF 
SALISBURY, S. RHODESIA.* 


By W. J. Jarvis, B.Se. (Eng.), A.M.Inst.C.E. 


(Concluded from page 258.) 


Ir is interesting to note that a 6-in. layer of Lusaka 
limestone was placed between the gravel and sand 
in the filters with the object of removing corrosive | 
acids carried by flood water, because lime-impregnated | 
water would be less harmful to the pipes. In 1919-20, | 
the cost of water was increased from 5s. per 1,000 
gallons to 6s. 8d., decreasing on a sliding scale to 
2s. 6d. per 1,000 gallons; the average cost to the 
consumer was 4s. 11d. for a consumption of 60 million 

* Excerpt from paper read before the Institution of 
Municipal and County Engineers at Salisbury, Southern 
Rhodesia, on May 20,1940. Abridged. 





The main casting is of grey iron, as also is the bolted 


| mixers, flocculators and settling tanks ; 


gallons per annum, compared with to-day’s cost of 
2s. 8}d. for a consumption of 352 million gallons. In 
| 1921-22, and 1922-23, low rainfalls led to a report that 
the water was contaminated, but on examination it 
was found to be fit for human consumption ; this was, 
|no doubt, due to an alge infestation causing odour 
jand taste in the water. In 1923, two Bell’s pressure 
filters were installed at Hartman Hill as a further step 
| in purification. During 1922-23, the wall was raised 
| approximately 2 ft. to secure additional storage of 
| 33 million gallons, but the wall burst on July 13, 1923, 
and Salisbury again had to rely chiefly on water from 
boreholes. Although the dam was repaired in time 
for the 1923-24 seasonal rainfall, the rainy season 
| produced only 18 in. of rain and by August, 1924, 
there were only about 12 million gallons of water in 
the dam and the water was obcained again from 
underground supplies. 

A panel of engineers under the chairmanship of Mr 
F. E. Kanthack, M.Inst.C.E., inquired into the caus: 
of the failure of the wall and, very briefly. th 
findings were that the failure could be attributed to 
(1) The embodying of large smooth granite boulders 
in the earth structure near and in the puddle core ; 


| (2) poor quality of puddle core combined with inade 


quate section (the dam was not built to plan and design 
in this respect); (3) inadequate section of wall as 
finally raised in 1922. (The stability of the section as 
measured by the hydraulic gradient from a point where 
full-level supply cuts the up-stream face to down- 
stream toe gave the slope of this line as 1 in 3-1 as 
originally designed, | in 2-9 as originally constructed 
in 1913, and 1-in 2-5 as finally raised in 1922.) ; 
(4) insufficient drainage provided for internal seepage 
along the downstream portion of the dam (here again 
the original design was not carried out). 


In 1924, the Government Irrigation Engineer re- 
ported on a supply involving pumping from the 


Hunyani River, and Mr. W. A. Palliser was engaged to 
prepare ascheme. Ratepayers objected to the expendi- 
ture suggested, but eventually agreed that a more 
reliable supply was necessary. In 1926, Mr. 4}. A. 


| Stewart reported on a similar scheme, to cost 125,0001., 


which was finally carried to completion in 1929. It 
provided a concrete weir, 1,000 ft. long, to hold back 
500 million gallons on the Hunyani River from a 
catchment area of 332 sq. miles, and 12 miles of 10-in. 
rising main to the purification works and reservoir. 
Owing to small rainfall, Salisbury again depended 
on boreholes towards the end of 1928. In July, 1924, 
there were 864 consumers. This figure rose in 1931 


}to 1,470 consumers, using 136 million gallons, at an 


average cost to the consumer of 3s. 6d. per 1,000 
gallons. In 1932-33, 88 million gallons were pumped 
from Prince Edward Dam, compared with 357 millions 
in 1938-39. In the meantime, further pumps were 
installed at the Prince Edward Dam, on the Hunyani 
River, together with a 14-in. rising main, with additions 
to the purification works. The Prince Edward Dam 
water supply comprises a pumping station with two 
265-h.p. auto-synchronous Crompton Parkinson motors 
driving five-stage Pulsometer pumps, and two 265-h.p. 
Mather and Platt motors driving Mather and Platt 
three-stage pumps, delivering water into 10-in. and 
14-in. mains, against a manometric pumping head of 
600 ft. to 700 ft., depending on the combination of 
pumps used, to purification works incorporating flash 
nine Paterson’s 
rapid gravity filters and two reservoirs of a total capa- 
city of over 1} million gallons. The pumping plant ts 


| capable of delivering not less than 24 million gallons 
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RADIAL-ARM ROUTING AND DRILLING MACHINES. 
MESSRS. WADKIN, LIMITED, LEICESTER. 


(For Description, see Page 267). 
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per day, using three pumps and both the 10-in. and 
14-in. mains, the filters dealing with 2 million gallons 
per day and the flash mixers, flocculators and settling 
tanks with about 3 million gallons per day. 
from the continued rapid growth of the town, it will 


be necessary shortly to consider further extensions, | 


although the last additions were completed only at 
the end of 1939. During 1935-36, the 10-in. main from 
Cleveland Dam was relaid by a 12-in. main, and the 
filters at Hartman Hill increased to five. Cleveland 
Dam again caused trouble; it overflowed in March, 
1931, and through a succession of below-normal rainy 
seasons never overflowed again until February, 1938. 
This was due chiefly to the incidence of the rainfall 
rather than the fact that the rainfall was somewhat 
below normal during this period. 

The water in the dam, during 1937. became very 
stagnant, due to the rotting of vegetable matter and 
in infestation of alge growths. An analysis of water 
in October, 1937, disclosed the following conditions : 
oxygen absorption (Kubel Tiernan test), 2-8 (normal 
maximum should be 0-2); free ammonia, 0-021 parts 
per 100,000; albuminoid, 0-095 part per 100,000. 
Microscopic examination of the suspended matter 
showed a moderate number of algal forms and a large 
proportion of broken down vegetable matter; the 
presence of vegetable as distinct from animal con- 
tamination is confirmed by the relative magnitude and 
proportions of the free and albuminoid ammonias. 
lhe oxygen-absorption figure indicates very markedly 
the effect and presence of decaying vegetable matter. 
Normally, water of this type would have been run to 
waste and the dam cleaned out. The water demand 
could not, however, be supplied entirely from the Prince 
Edward Dam, and an attemp! had to be made to use 
at least some of this water. 

During 1937-38, 3314 mil! ov gallons were pumped 
trom Prince Edward Dam in 7,163} hours out of a 
possible 8,760 hours, or 82 per cent. of the total time. 
During a six-weeks’ period in October-November, 1937, 
the pumps actually operated for 9994 hours out of a 
possible 1,008, or 99-16 per cent. of the total possible 
time; the 8} hours lost were due to minor electric 
faults and leaks in the water main. This is a remarkable 
record of the efficiency of modern pumping machinery, 
but the anxiety of those responsible for the water 
supply can be well imagined. 


The algal growths in Cleveland Dam had evidently | 


penetrated the slow sand filters and the pressure filters 
at Hartman Hill. Briefly, the treatment of this water 
was as follows: the dam was treated with about 
700 Ib. of permanganate of potash—all that could be 
obtained in Southern Rhodesia : periodic doses of 
copper sulphate were used in the dam at the rate of 
1 Ib. per 1,000,000 gallons; thereafter the slow sand 


Judging | 


Router. Fig. 4. 


| filters were emptied of sand and gravel, and turned 
| into settling tanks by building loosely-laid brick walls 
|as baffles to reduce the speed of flow to approximately 
2 ft. per minute. Before entering these hastily impro- 
vised settling tanks, the water was pumped into the 
air and allowed to drop on to a A-shaped surface of 
corrugated iron, the corrugations running horizontally 
and not vertically, as is usual. 
absorption showed that the aeration effected was negli- 
gible, but any enclosed gases would be allowed to 
|escape. The water was then dosed with alumina to 
effect flocculation ; with permanganate of potash, or, 
| when this was not available, chloride of lime to oxidise 
any vegetable matter; with activated carbon to 
| "remove odour and taste ; and with a very weak dose of 
| copper sulphate to prevent any possibility of further 
|algal contamination in the purification works ard 
reticulation system. We managed to produce a water 
which was colourless, odourless, tasteless and free from 
| chemicals, but lacking in sparkle because of the defi- 
ciency in dissolved oxygen. The pressure filters at 
Hartman Hill were stripped, and the sand washed and 
replaced. It was found that the filters could not run 
for longer than three to four weeks before it was 
necessary to repeat this operation ; the usual stirring 
mechanism and back-washing did not clear the sand 
of its load of very fine vegetable matter. The activated 
carbon added at the dam 7 miles away was taken 
out in the filters. All water at Hartman Hill is limed 
and chloramined before passing to the reservoirs. 
Fairly extensive improvements are proposed at 
Cleveland Dam. The proposed new treatment is as 
follows : water passes along the main from the dam, 
through an aerator which will be used when necessary, 
and along a channel, where chemicals are fed into the 
water, into the tanks in which the flocculators will 
operate. The use of flash mixers has been eliminated, 
because operations at the Kopje, where flash mixers 
are incorporated, are quite as successful without them 
|in the water which has to be purified. The water will 
then pass through a clarifier similar to the Dorr clarifier, 
and return to suction wells in the building, where it 
will be pumped through Bell’s pressure filters, to be 
removed from their existing situation at Hartman Hill. 
| The purified water would then pass to storage tanks 





and flow by gravity to the reservoirs at Hartman Hill, | the machines to. be set close to the work table, 
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|the water is shallow and aqueous growths are more 
| prolific. Natives in boats or on rafts are continually 
}engaged in pulling out weeds and dumping them on 
| land, when they are eventually burnt. The dam cannot 
| be dragged because of the presence of numerous granite 
| boulders and outcrops; cither dragging or cutting 
| would in effect amount to cultivation and lead to more 
intensive growths. 








DRILLING MACHINES. 


It is common knowledge that in certain branches of 
| the engineering industry at the present time quantity 
production is imperative and that the materials used 
are often one or other of the aluminium alloys, such as 
Duralumin, Alclad, and so forth, this material being 
in the form of large sheets which are to be cut to 
definite irregular shapes, generally with large pieces cut 
out internally, also of irregular shape. The term 
“irregular” is here employed in the sense of indeter- 
minate curves and other outlines asymmetrical w:th 
regard to centre lines at right angles. A machine 
designed for the speedy performing of this class of 
work is the radial-arm router manufactured by Messrs. 
Wadkin, Limited, Green-lane Works, Leicester, which 
machine is illustrated in Fig. 1, on Plate XIX, and 
Fig. 3, on this page. The parts produced by the router 
have, in some cases, to be extensively drilled and always 
need drilling for the start of the router cutter, and for 
these purposes a companion machine, the radial-arm 
drill, is made by Messrs. Wadkin, the two machines 
being generally operated in pairs. The radial-arm drill 
is shown in Fig. 2, on Plate XTX, and Fig. 4, above. 

It will be evident from a comparison of Figs, 1 and 2 
that the general construction of the two machines is 
almost the same. This could hardly have been other- 
wise since they have the same capacity as regards 
reach, etc. The sliding radial arms are carried in a 
swivel frame mounted on a central pillar formed on 
the base of the machine, in which base a frequency 
changer is housed. The base is elongated at the 
bottom, not only for reasons of stability but to enable 
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where the water would be chloramined ; alternatively, | table is not a fixture but runs on small grooved rollers 


into the gravity main. 


Since 1937, control measures have been exercised on | on each set of lines. 


|the dam. These include copper-sulphate doses of 1 Ib. 
|per million gallons every fortnight when any alge 
|form is present, with doses every week on two long 
narrow strips of water at the head of the dam where 


to augment the capacity of the 12-in. gravity main, | on rails on the floor. 
the water would be pumped directly through the filters | machines a second pair of lines would be seen in the 


In a typical layout of a pair of the 


foreground of both illustrations, one table only running 


A sheet can be drilled on table 


| No. 1 while a second operator is routing another sheet 


on table No. 2. The tables are then run from one 
machine to the other, the drilled sheet going under the 
router, the arm of which is swung round through 
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180 deg. to deal with it, while the finiahed routed 
sheet is removed and the empty table, No. 2, is loaded 
with a fresh sheet and run under the drill, the arm of 
which is also swung round through 180 deg. Both 
machines thus work alternately on both tables, the 
tables being traversed in shuttle fashion. 

The only objection to the system described above is 
that the times for drilling and routing may not be 
the same, so that there may be waiting time for one 
of the operations. Obviously, however, other lay- 
outs can be employed ; for example, it will be seen by 
comparing the right-hand end of the radial arm, 
say, Fig. 1, with the left hand of the arm of Fig. 2, 
that a drilling head can be fitted at the end opposite 
to the routing head, and conversely, in Fig. 2, that a 
routing head can be fitted opposite a drilling head, 
thus making the machine a double-purpose one, 
serving a table on each side of it. The silo is of 
such a length that the maximum and minimum radii 
of the heads are 5 ft. 5 in. and 1 ft. 7 in., respectively. 
This will cover work on a standard table 8 ft. long by 
4 ft. wide without having to move the table. The 
other standard table is of the same width but is 12 ft. 
long and thus requires to be traversed for the work 
to be covered. The table may, however, be of any 
length ; for example, tables up to 28 ft. long have been 
successfully used for long work. Moreover, with tables 


over 12 ft. long a power traverse can be fitted. All 
the tables have wooden tops 
Dealing with the routing machine, Figs. 1 and 3, 


the routing head seen in Fig. 3 illustrates the form 
of cutter employed. This is not unlike a vertical side- 
milling cutter but is provided with a hardened guide 


bush immediately below the spindle chuck. The 
amount of cutting edge projecting from the bush 
naturally depends on the thickness of the material 


being cut, and the external diameter of the cutter is 
the same as that of the bush. The sheet, or pile of 
sheets, is generally held down on the table with a jig 


on the top. The cutter is traversed round the jig 
with the bush in contact with the edge for both 
external and internal cutting, the sheet being cut, 


therefore, exactly the same size as the jig. If required, 
a roughing cut can be taken by using a cutter y in 


in diameter and a following finishing cut made by 
means of a cutter ¢ in. in diameter, both cutters 
being guided by a bush $ in. in diameter. This prac 
tice, however, is not generally necessary, since the 


design of the arm mounting ensures complete rigidity 
and this, together with the ease with which the cutter 
can be traversed in the horizontal plane and its high 
speed of 24,000 r.p.m., results in such a smooth clean 
edge that no finishing is required. This high speed is 
obtained by driving the cutter spindle directly by a 
squirrel-cage motor operating from the frequency 
changer previously mentioned The motor has a 
constant speed characteristic even under load and can 
It is capable 
working, 


yperate under a considerable overload 
of outputs up to 8-5 h.p. for intermittent 
the normal continuous rating being 2 h.p 
The spindle, on which the rotor is mounted, is of 
nickel-chrome steel and runs in precision ball bearings. 
A lock and quick-acting brake are fitted at the top 
and are visible in Fig. 3, on each side of the near bar 
of the traversing and guiding lever. The head has a 
vertical traverse of 4 in. and the spring plunger seen 
to the left is used to hold it in either the top or bottom 
position. The screw above the plunger provides fine 
adjustment for determining the correct relation of 
the cutter to the jig. The screw at the top of the head 
is an adjustable depth stop for use when cutting small 
panel-lightening holes, the depth of which lies within 
the full limits of adjustment. The traverse in all cases 
is of the so-called sensitive drill type and is done by 
hand, the double lever provided also serving to guide 
the cutter round the jig contour. A_ transparent 
screen, which can be swung out of the way, shields 
the operator from the cuttings flung out by the high- 
speed tool. In addition to the aluminium alloys 
mentioned earlier, the machine can be used on pure 
aluminium or brass shects, the cutter differing some- 
what in type according to the metal being dealt with. 
Curves as smal! as } in. internal radius can be nego 
tiated by using a cutter } in. in diameter, the usual 
equipment consisting of a cutter of this size and two, 
ty in, and 4 in. in diameter, respectively 
The drilling machine head is shown in Fig. 4. Here, 
again, the spindle is driven by a squirrel-cage motor, 
but the speed is considerably lower than in the routing 
machine, being 3,000 r.p.m. The motor is of $ h.p 
and holes up to } in. in diameter can be drilled. The 
head has a vertical adjustment of 3 in. for setting the 
drill relative to the face of the jig, and has a feeding 
traverse, by a sensitive lever, of 2 in. This movement 
counterbalanced and the slides consist of 
working in four rollers mounted on ball 
A pneumatic clamp is fitted to press the 
the firmly together while drilling 


is spring 
steel rods 
bearings 


ng and sheets 


Interchangeable shoes with guide bushes, for use with 
unbushed jigs, and plain shoes, for bushed jigs, are 
provided 


The clamp is operated by an easily accessible 
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control valve and is designed for use with compressed 
air at pressures up to 100 lb. per square inch. The 
radial arm in both machines is an aluminium casting 
which slides through the swivel frame on two circular 
ateel tracks and four rollers mounted on ball bearings, 
three of these rollers being adjustable. The swivelling 
frame can be turned through an angle of 350 deg., 
so that tables on both sides of the machine can be 
served. Full-circle swivelling is, of course, impossible 
owing to the possible resultant twisting of the electric 
leads and, in the case of the drilling machine, of the 
com pressed-air supply pipe, both leads and pipe coming 
up at the centre of the pillar; the leads come from the 
contact gear in the base and are carried along the 
arm in a hinged conduit. Push-button control is 
provided on the head in both machines, as will be 
evident from Fig. 1, for the routing machine and in 
Fig. 4 for the drilling machine. 
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tOAD CONSTRUCTION IN THE ARGENTINE.—The 
Argentine National Roads Board has issued a statement 
showing that funds amounting to 64 million pesos are 
being expended on the construction of 5,987 km. of 
national highways in the various provinces. Further- 
more, plans have been drawn up for the building of an 
additional 3,900 km. of highways at a cost of 34 million 
Pesos 

STEFLWORKS PLANT AND EQUIPMENT Messrs. The 
Wellman Smith Owen Engineering Corporation, Limited, 
Victoria Station House, Victoria-street, London, 8.W.1, 
have sent us a copy of their new brochure entitled 
‘Steelworks Plant and Equipment.” This is a well- 
illustrated book of 235 pages, the first section dealing 
with tilting and fixed-type open-hearth furnaces, metal 
mixers, reheating and heat-treatment furnaces, soaking 
pits, sheet-normalising furnaces, gas burners, gas and 
air reversing furnace-door and valve-operating 
winches, suspended furnace roofs, water-cooling towers, 
ladle dryers, and gas producers The second section 
deals with handling machinery, including blast-furnace 
skip hoists, cranes of many types, furnace-charging 
machines, ingot strippers, coke-oven machinery, seamless 
steel-tube plant, ladle carriages, locomotive-coaling plant 
and sheet-mill equipment. The book is much more than 
a mere catalogue of the firm's manufactures, the thought 
and care expended on the clear and succinct descriptions 
rendering it almost a text-book on the subject. Most of 


valves, 


the illustrations consist of large half-tone plates, but a | Messrs. 
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PERSONAL. 


MR. CHARLES MACQUARIE, B.Sc., A.R.T.C., has been 
appointed assistant to the works manager on production, 
Messrs. William Beardmore and Company, Limited, 
Parkhead Steel Works, Glasgow. Mr. Macquarie 
formerly works metallurgist to the English Needle and 
Fishing Tackle Company, Studley and Redditch. 

Mr. W. S. Owen, who recently secured the B.Eng 
Degree, with First Class Honours in metallurgy, Liverpoo! 
University, has taken up a position with the De Havilland 
Aircraft Company, Limited. 

Mr. GEORGE EDGAR, general manager of the Port 
Talbot Dry Dock Company, Limited, Port Talbot, 
South Wales, has recently been elected a director of the 
Company. 

Mr. F. C. WEBB has been made an additional director 
of Messrs. Weymann’s Motor Bodies (1925), Limited, 
Addlestone, Weybridge, Surrey. 

Srk WILLIAM H. CiarK, G.C.M.G., K.C.S.1., formerly 
High Commissioner in Canada for H.M. Government ir 


was 


| the United Kingdom, has been appointed a director of 


| 
| 





| 











the Southern Railway in succession to Mr. L. S. AMERY, 
who has retired. 

MESSRS. METROPOLITAN-VICKERS ELECTRICAL CoM 
PANY, LIMITED, inform us that all inquiries and orders 
relating to instruments, meters, relays, etc., formerly 
sent to their Meter Department, at 25, Gorst-road 
Park Royal-road, London, N.W.10, should, in future, be 
addressed to the London Head Office of the Company, 
1, Kingsway, London, W.C.2. 

Mr. K. C. Ivirre has been appointed Borough Engineer 


of Deptford. 


Raid Precautions. | 


Messrs. LONDON METAL WAREHOUSES, LIMITED, hav: 
removed their non-ferrous metal foundry to Summer 
road, Thames Ditton, Surrey. 

Messrs. LAURENCE Scott aND ELECTROMOTORsS, 
LIMITED, have transferred their Birmingham branch 
from John Bright-street to Mere Green-chambers, Four 
Oaks, Sutton Coldfield. 








TENDERS. 


We have received from the Department of Overseas 
Trade, Great George-street, London, S.W.1, particulars 
of the undermentioned tenders, the closing dates of 
which are as stated. Details may be obtained on applica- 
tion to the Department at the above address, quoting 
the reference numbers given. 

Overhead Transmission Line, 33 kV, and Substations, 

between the central power station of De Beers Consoli 
dated Mines, Limited, at Kimberley, and the Municipal 
Waterworks on the Vaal River at Riverton, a distance 
of about 18} miles. City Council of Kimberley, South 
Africa; October 31. (T. 21,888/40.) 
9,550 gallons, and White Spirit, 26,600 
gallons, type 1, to British Standard Specification No. 
244-1936. South African Railways and Harbours, 
Johannesburg ; October 18. (T. 21,973/40.) 

Electric-Light Fittings for new Magistrates’ Courts at 
Johannesburg. Union Tender and Supplies Board, 
Pretoria ; November 14. (T. 21,976/40.) 


Turpentine, 


Union Tender and 
(T. 21,980 /40. 


Table Magneto Telephones, 7,500. 
Supplies Board, Pretoria ; November 14. 


Batteries, 10, each consisting of 12 cells. Union Tender 
and Supplies Board, Pretoria; November 14. (T 
21,981/40.) 

Laundry Equipment, for new laundry at City Hospital, 
Cape Town. City Electrical Engineer, Strand-street 
Cape Town; December 4. (T. 21,987/40.) 

Cable, comprising 910 yards of 0-2 sq. in., three-cor 
belted-type cable, suitable for a working pressure 
11,500/12,000 volts. Also 910 yards of six-core 7/0-02 
in. pilot cable. Electricity Supply Commission, ‘ 
Town; November 18. (T. 21,988/40.) 

Switchgear, comprising a low-tension industrial 
type switchboard. City Electrical Engineer, Str 
street, Cape Town; November 20. (T. 22,052/40 


¢ 


Ventilating Plant for the General Post Office, 
Cape Town. Union Tender and Supplies Board, Pretoria 


November 21. (T. 22,061/40.) 


new 





TRAINING COURSES IN ELECTRIC WELDING Messrs 
Murex Welding Processes, Limited, provide three sep t 
courses of instruction in their welding school. The 
intended for welding technical fore: 
supervisors and designers, respectively. We understand 
that both the supervisors’ and the designers’ co! 
to a large extent theoretical. The courses are inten=!v¢ 
character and are intended to cover their separate fr 


operators, 


Syllabuses may be obtained frot 
Limited, Walthan 


in the minimum time. 
Murex Welding 


Processes, 


few line drawings and several coloured plates are included. | Cross, Herts. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—While the city’s products are not 
directly represented on the special trade mission sent 
to South America, local manufacturers anticipate that 
indirect. benefits will result. For many years, Sheffield 
has had a special interest in this market. A few years 
ago, Mr. A. K. Wilson, an ex-Master Cutler and ex- 
President of Sheffield Chamber, headed a mission sent 
specially from Sheffield. Good results followed, and at 
the present time orders are coming to hand from that 
area in useful numbers. The position of the raw and 
semi-finished steel trades shows little change. Supplies 
of most classes of steel are more than sufficient to go 
round, though in the case of one or two grades the 
tonnage available is a little restricted. Inquiries at the 
leading steel firms show that supplies of hematite and 
pig iron are ample, and consumers of steelmaking alloys 
are experiencing no difficulty in obtaining requirements. 
The scrap market is active ; importations from overseas 
have helped to augment the tonnage available for distri- 
bution. The demand for structural steel is chiefly 
confined to Government requirements and A.R.P. needs ; 
there is a better demand for steel pit props, girders, 
and arches. The Safety in Mines Research Board, at 
Sheffield, is carrying out experiments in connection with 
substitutes for timber and steel supports in view of the 
war-time rationing of these materials. The use of 
concrete-filed tubular props and reinforced-concrete 
props is under consideration. The heavy machinery and 
engineering branches are operating at full capacity. 
Contracts for steelworks’ and ironworks’ equipment are 
coming to hand freely, and mining plant is in better 
demand on both home and overseas account. Sheffield 
continues to supply South Africa with a considerable 
tonnage of equipment, including grinding and crushing 
plant, precious-metal washing equipment, and dredger 
parts, including large numbers of steel balls. Business 
in electrical plant is brisk. Extensions to power plants 
in various parts of the country are resulting in a demand 
for Sheffield-made hollow forgings and boiler drums, and 
for high-class steel used in the production of generators, 
transformers, and related equipment. Firms producing 
all types of agricultural steel, machinery and implements 
are busy ; orders are numerous on both home and export 
account. The tool trades are operating at full capacity, 
the outputs at most works being well in excess of the 
level reached six months ago. 

South Yorkshire Coal Trade.—The coal position shows 
little change ; the demand for industria: coal having been 
maintained. Many works have large stocks, and the 
difficulties encountered last winter are not likely to be 
repeated. Smalls are in demand by electric power plants. 
The call for house coal is well above the seasonal standard, 
and coke of all types is in strong request. 








NOTES FROM THE NORTH. 
GLAsGow, Wednesday. 

Scottish Steel Trade.—During the past week the output 
of the Scottish steelworks has been maintained at a 
high level and all plant has been operated at full capacity. 
This condition is likely to continue, as adequate supplies 
of raw materials are now available. Not only has the 
recent tonnage of steel scrap from America been very 
large, but forward deliveries are likely to be even larger 
during the next few months. Priority orders are account- 
ing for the greater part of the present output, but a 
certain tonnage of some classes of steel is being made 
available for other purposes and for export. The ship- 
yards are still consuming large quantities. The makers 
of black-steel sheets have heavy order books and the 
demand for deliveries is of a pressing nature. Con- 
structional engineers are busy at present and their 
requirements structural sections are considerable. 
Record outputs are general in all branches of the steel 
industry. Prices are firm and there has been no change 
during the week. 


of 


ENGINEERING. 


scrap from the United States, except to countries within 
the Western Hemisphere and to Great Britain is of great 
interest to the iron and steel producing firms in this 
country. The Order, which will take effect on October 15, 
has been approved by the State Department and also 
the National Defence Advisory Commission. The Presi- 
dential statement explained that the purpose of the 
Order was to conserve available supplies to meet the 
rapidly expanding requirements of the United States 
defence programme. Much importance is attached to this 
new state of affairs, as the bulk of the United States 
scrap exports formerly went to the Far East, although 
the tonnage which arrived in Great Britain during the 
first half of this year was rather larger than that sent to 
Japan. The prospects of larger and more regular supplies 
of scrap make the outlook much more satisfactory in the 
present emergency. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Ample deliveries of raw materials 
to iron and steel producing plants and arrangements for 
the continuation of industrial operations after the 
sounding of the air-raid “alert” signal promise still 
further to increase outputs, several of which are at record 
levels. The control of distribution regulations continues 
to be strictly enforced, but the favourable effects of 
substantial imports of certain commodities have enabled 
some additional tonnage to be released for ordinary 
purposes. Parcels of most descriptions of material 
available for ordinary disposal, however, are still few 
and small. 

Cleveland Iron Trade.—North East Coast foundry iron 
consumers continue to receive adequate supplies from 
other producing areas and experience little inconvenience 
from the scarcity of Cleveland pig. Under such condi- 
tions, the fact that there is little likelihood of an early 
increase in the small make of local brands causes little 
concern. Second-hands still continue to obtain small 
lots of Cleveland pig, fixed prices of which are based on 
No. 3 quality at 120s. delivered within the Tees-side zone. 


Hematite.—With all available hematite furnaces in 
blast and operating at high pressure the output is at a 
maximum, but the heavy make is not quite equal to 
current needs. The increasing requirements of pro- 
ducers’ own consuming departments demand careful 
attention and the delivery obligations against running 
contracts with regular customers are greater than can be 
met by the tonnage available for distribution. Imports 
of iron are necessary and considerable quantities of iron 
are expected to arrive. The recognised market values of 
East Coast brands are ruled by No. 1 description at 
131s., delivered to North of England firms. 

Basic Iron.—There is still no saleable basic iron, but 
the production continues to be fully equal to the require- 
ments of makers’ adjacent steelworks. The nominal 
price remains at 113s. 

Foreign Ore.—Regular and substantial imports of 
foreign ore are keeping consumers’ stocks at a higher 
level than is considered necessary for normal conditions. 


Blast-Furnace Coke.—Durham blast-furnace coke is 
plentiful, but little is offered for sale. Holders are not 
desirous of adding to their well-filled order books, and 
local users are covered as far ahead as they care to 
commit themselves. Quotations are at the equivalent of 
good medium qualities at 33s. 5d. at the ovens. 
Manufactured Iron and Steel.—The well-maintained 
output of semi-finished iron and steel, together with 
substantial imports of semi-products, provide sufficient 
tonnage for the requirements of the re-rolling mills. 
Makers of black and galvanised sheets are fully sold over 
the next few months. The demand for heavy steel 
absorbs the present production as it becomes distributable, 
and maintenance of the make at a high level is essential 
to cope with customers’ requirements. The heavy 





Malleable-Iron Trade.—Conditions in the West of 
Scotland malleable-iron trade are satisfactory. Makers 
have a number of good orders, but are in need of more 
iron scrap. The re-rollers of steel bars are exceptionally 
and recent arrivals of large consignments of 
from America have been sufficient to ensure 
that, for some months at least, the output will be on a 
very large scale. The scarcity of small billets held up 
business to extent recently, but a substantial 
tonnage has now come to hand from overseas sources 


busy, 
semies 


some 


demand for shipbuilding requisites is receiving satis- 
factory attention, as are also the extensive calls for steel 
for constructional work. 
Scrap.—A welcome replenishment of the stocks of 
iron and steel scrap is reported, and in some cases users 
have curtailed deliveries. 











and the re-rollers busily engaged in making up 
deliveries. 


are | 

Scottish Pig-Iron Trade.—No change has to be recorded | 
in connection with the pig-iron trade of Scotland, and 
work is proceeding on satisfactory lines. There has been | 
no falling-off in demand. The steel makers are specifying 
for a large tonnage, but there has been little change in | 
the demand for foundry grades. 


American Scrap Exports.—The Order made by Presi- | 
dent Roosevelt prohibiting all exports of iron and stee! | 


LEEDS UNIVERSITY BUILDING.—Work on the central 
block of the University of Leeds is to be continued ; the 
scheme was commenced many months before the out- 
break of the war and the main structure is now well 
advanced. We learn from the Official Architect that it 


has been decided, with the full approval of the University 
Grants Committee, to carry on with the work to the 
point at which the building can be made reasonably 
weatherproof, on the understanding that if any of the 
men employed on the building should be required for 
war work they would be immediately released. 
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NOTICES OF MEETINGS. 


| Ir is requested that particulars for insertion in this 


| column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 

OF MECHANICAL ENGINEERS.—-North- 
Eastern Branch: Monday, October 7, 6.30 p.m., The 
Mining Institute, Neville Hall, Newcastle-upon-Tyne. 
Joint Meeting with the Steam Group. ‘ The Investigation 
of Steam Turbine Nozzle and Blading Efficiency,” by 
Mr. F. Dollin. North-Western Branch: Thursday, 
October 10, 7 p.m., The Engineers’ Club, Albert-square, 
Manchester. Discussion on “‘ The Desirability of Accept- 
ance Test Charts for Machine Tools.” JIJnstitutton : 
Friday, October 11, 6.30 p.m., Storey’s-gate, St. James's 
Park, Westminster, S.W.1. Informal Meeting.  Dis- 
cussion on “ Railway Refrigeration Problems,”’ be 
opened by Mr. F. C. Johansen. 

INSTITUTE OF FUEL.—Tuesday, October 8, 2.15 p.m., 
The Connaught Rooms, Great Queen-street, Kingsway, 
W.C.2. “ Some Thoughts on Coke,”’ by Mr. W. Boon. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Coventry 
Centre: Tuesday, October 8, 7 p.m., The King’s Head 
Hotel, Coventry. ‘‘ Bearing Metals and Their Suitability 
for Modern Requirements,”’ by Mr. M. Melhuish. Bir- 
mingham Graduates’ Section: Wednesday, October 9%, 
7 p.m., The James Watt Memorial Institute, Birmingham. 
Informal Discussion on ‘“‘ Automobile Engineers in the 
Making—-Ways and Means of Engineering Training.” 
London Graduates’ Section: Wednesday, October 9, 
7.15 p.m., 12, Hobart-place, 8.W.1. Annual General 
Meeting. ‘‘ The Post-War Automobile,’’ by Mr. George 
Roesch. Manchester Centre: Wednesday, October 9, 
7.30 p.m., The Engineers’ Club, Manchester. General 


INSTITUTION 


to 


Meeting. “ Bearing Metals and Their Suitability for 
Modern Requirements,’’ by Mr. M. Melhuish. 
NEWCOMEN SocireTy.—Wednesday, October 9, 2.30 


p.m., The Chartered Institute of Patent Agents, Staple 
Inn Buildings, W.C.1. (i) “ The Evolution of the Sugar 
Cane Mill,” by Messrs. Noel Deerr and A. Brooks. 
(ii) “‘ Early Use of Steam Power in the Sugar 
Industry,’ by Messrs. Noel Deerr and A. Brooks. 


Cane 


MANCHESTER ASSOCIATION OF ENGINEERS.—Saturday, 
October 12, 2.30 p.m., The Engineers’ Club, Manchester. 
Presidential Address, by Mr. A. C. Dean. 








NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Welsh Coal Trade.—At a meeting of the Amal- 
gamated Anthracite Company, one of the largest pro- 
ducing units in the coalfield and the largest single 
producer of anthracite coals, it was announced that, 
owing to the usual seasonal diminution of trade with 
Canada, which normally takes place at this time of the 
year, the output of the company will be reduced from 
the present level of 320,000 tons to 210,000 tons by 
about the third week in October, a drop of approximately 
one-third. This would mean a reduction of 20 per cent. 
in the production of first-grade anthracites; 60 per 
cent. in second-grade, and 15 per cent. in third-grade. 
The area most affected would be Ammanford, which 
produced second-grade coal for which, at the moment, 
there was no market. Operators on the market again 
encountered very little inquiry from overseas users, and 
what export business was available was again chiefly in 
respect of Portugal, South America, Canada and Lire. 
Collieries were dependent upon the active home demand 
to absorb their present outputs, and as deliveries to this 
market continued to be made on heavy lines, sellers 
were able to maintain quotations since, although there 
was usually more than sufficient of all descriptions to 
meet current needs, surplus stocks were kept within 
narrow limits. Best large qualities continued to display 
a good activity, and the popular sized descriptions were 
wanted but were not easily secured over some considerable 
time ahead. Bituminous smalls were scarce, but dry 
smalls were in plentiful supply to meet a quiet request 
and were dull. Cokes were brisk, but patent fuel slow. 
The Iron and Steel Trade.—Activities were well main: 
tained in the iron and steel and allied trades of Soutk 
Wales and Monmouthshire. The demand was mair- 
tained at full recent levels and most works had suffi- 
ciently well filled order books to ensure the continuation 





of the present brisk conditions for some time to come. 








THE SALVAGING OF DAMAGED AIRCRAFT.—The Minister 
of Aircraft Production, Millbank, London, S8.W.1, 
requests members of the public to communicate with him 
without delay if they have information concerning 
damaged aircraft on the ground which are unattended by 
salvage personnel of the Royal Air Force. It is pointed 
out that valuable material can be obtained from these 
fallen aircraft. 
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Fig. 3. 

THE MINERAL WEALTH OF 
BRITISH COLUMBIA. 

reserves of timber, fisheries 

British Columbia rich 

copper, silver and 


In addition to great 
and agricultural industries, 
in minerals, particularly lead, zine, 
gold. The bulk of the lead and zine are found in 
the south-eastern portion of the Province, in the 
Fort Steele and Trail mining districts, while the two 
principal copper-producing areas are situated in the 
Similkameen region, in the south, and near Vancouver. 
Gold and silver deposits are scattered over a wide 
irea, but some 70 per cent. of the latter metal is mined 
in the vicinity of Fort Steele. Th> annual report of 
the Minister of Mines of the Province shows that the 
total value of the mineral production during the year 


1s 


ending December 31, 1939, was 66,614,179 dols., an 
increase of 2,128,628 dols. over the figure for the 
previous year. The quantity of gold and copper 


produced in 1939 showed increases, as compared with 
1938, but, in the case of silver, lead and zinc, there 


were slight declines. Thus, the lead produced last 
year totalled 378,743,763 Ib., against upwards of 
$10,000,000 Ib. in 1938 and 1937, and the quan 
tity of zine produced in 1939 was 278,409,102 Ib.. 


compared with upwards of 290,000,000 Ib. in each of 
the two previous years, On the other hand, the copper 
produced in 1939, namely, 73,254,679 Ib.. not only 
showed increases of more than 7,000,000 Ih. over the 
total for 1938 and of 27,000,000 Ib. over that for 1937, 
but was the highest total attained since 1930. The 
production of lode gold in 1939 totalled 587,180 oz., 
and constituted a new high record for the Province 
The average annual production of silver has remained 
in the neighbourhood of 
years past, that for 1939 


more less stationary, 
10,000,000 o7.. for some 
being 10,771,585 oz., against 10,861,578 oz 
11,508,685 oz. in 1937 

In addition to the metals mentioned above, 
mined in Vancouver Island, in the Nicola-Princeton 
area, in the south, and in the northern districts, the 
production for 1939 being 1,477,872 tons, representing 
an increase of 12-8 per cent. over the output for 1938. 
Small quantities of antimony, bismuth, cadmium and 
sulphur are also extracted and marketed. Iron ore is 
practically non-existent, but the possibilities of man- 


or 


ganese deposits, lying north of Cowichan Lake, Van- | 
Reviewing the | 


couver Island, are being investigated. 
general situation, the report states that the present 
year should witness increases in the production of all 
the minerals mined and it is anticipated that, provided 
the industry continues to function smoothly, as at 
present, the value of the mineral production in 1940 


will be about six million dols. greater than was the case 
in th: vear 1939 
In conclusion, some information concerning the 


Dominion Provincial youth training plan, given in 
the report, may be of interest. The intention, appa- 
rently, is to give selected young men field instruction 
in geology, mineralogy and other subjects to fit them 
to become prospectors. In connection with the scheme, 
1) applications were received by the Department of 
Labour, and, out of these, 228 men, between the ages of 
19 and 25, were enrolled. They were given six weeks’ 
preliminary training at a camp at Emory Creek, where 


ARC-WELDED FABRICATION OF 


(For Description, see page 265.) 


in 1938 and | 


| 
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| 

the rudiments of mining, geology, mineralogy, field 
| traversing, mapping. hand-drilling, placer-mining, 
| panning, and also such subjects as cabin construction, 
| first-aid, cooking and bread baking. were taught. 

Examinations were held from time to time throughout 
the six weeks’ course, and those who did not qualify 
were discharged. The remainder were sent for further 
| training at Cowichan Lake, where parties of ten men, 
jeach under the supervision and 
graduate geologists, set up camps and began pros- 
pecting. 

Work commenced on June 5, and until September, 
when the parties were recalled on account of the 
declaration of war, about 170 miles were pros- 
pected, the average per party being 3 sq. miles a week. 
| When it ascertained that all young men were 


sq. 


was 





instructorship of 
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not required for immediate active service, ten of 
the men were sent, under the management of a 
Department of Mines engineer, to investigate the 


possibilities of the manganese deposits lying north of 
Cowichan Lake, mention of which has been made 
fcoen Six other trainees were sent to the Yalakom 
| River area, and near Savona, where some further 
geological work was done on cinnabar deposits, under 
the supervision of a Department of Mines engineer. 
| A further 20 of the men who took the advanced course 
of training secured places in the operating mines of 
|the Province, and have proved satisfactory to their 
employers. The scheme appears to be working well, 
and will, no doubt, be continued, thus ensuring 4 
steady supply of keen and efficient prospectors and 
mine workers for the future. 
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| was born on September 1840; but, after two 
PAGE | years at a private school and a further two years 
261 | at Columbia University, he entered the United 
263 | States Naval Academy at the age of 16 and thence- 
264 | forward devoted himself to the navy and naval 
oan | ataite- He graduated with some distinction in 
oes | 1859 and was" appointed at once to the U.S.S. 
266 Congress, in which he served a two-years’ commission 
267 | On the east coast of South America. He was made 
968 | lieutenant on its completion, and on the outbreak 
268 | of the Civil War in 1861 was appointed to the 
268 | Pocahontas, for blockade duty in the Atlantic. 
269| Later, he returned to the Naval Academy as an 
269 | instructor, and, for the last year of the war, served 
rent on the staff of Admiral Dahlgren. He was promoted 
269 | *° lieutenant-commander in 1865, 

279| ‘For the next twenty years, Mahan’s life, while 
271 | varied by sundry extensive cruises in foreign waters, 
272 | differed in no way from the ordinary routine shared 
Between 
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Notes 273 | by many hundreds of his fellow officers. 
The Late Sir Robert Hadfield, Bart., F.R.S. (with __ | 1867 and 1869, in the Iroquois, he visited South 
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Labour Notes 277 | words, he “ viewed with eager interest the last days 
278 | of the Empire of Paris and of Papal power in 
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| Rome ”—evidence, perhaps, of an appreciation of 
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THE PHILOSOPHER OF 
SEA POWER. 


Wuo it was who first applied to Admiral Alfred 
Thayer Mahan the description of “ the philosopher 
of sea power ”’ we do not at the moment recall, but 
it epitomises most aptly the quality and the inter- 
nationally conferred status of this distinguished 
American naval officer, the centenary of whose 
birth was marked by a small gathering at the Royal 
United Service Institution on Friday, September 27. 
Had circumstances permitted, there is no doubt 
that the lecture theatre of the Institution would 
have been filled to capacity with the representatives 
of foreign naval powers, eager to honour the memory 
of the man whose famous work, 7'he Influence of 
Sea Power upon History, published just fifty years 
ago, crystallised for all time, that main principle 
of naval strategy which, no doubt, “oft was thought” 
by individual commanders but, certainly, was 
‘““ne’er so well expressed.”” A considerable analy- 
tical ability is not uncommon among professional 








students of historical events, and, indeed, may be 
regarded as a very necessary item in their mental | 
equipment. It is rarer, however, to find allied with 
this power of analysis the capacity to generalise, | 
which was such an outstanding feature of Mahan’s 
work, and which exercised so extensive an influence 
on the policy of the maritime nations. As was 
observed by Rear-Admiral R. L. Ghormley, of the 
United States Navy, in his address at the com- 
memorative meeting last week, Mahan did not 


| be regarded as a demonstration of the significance 
of sea power. He does not appear to have displayed 
| any particular penchant for authorship, although, 
|in 1883, he contributed a small volume, The Gulf 
| and Inland Waters, to a series dealing with the naval 
| history of the Civil War; but, in 1885, shortly 
| after he had been promoted to the rank of captain, 
| came an invitation to lecture on tactics and naval 
history at the War College at Newport, which had 
| been recently established. From the fact that he 
| occupied more than a year in the preparation of the 
| course of lectures, it may be deduced that he had 
| not then achieved any accepted eminence in either 
| subject, although the fact of his selection for the 
| post is equally good evidence that he was regarded 
| as a thoroughly competent exponent of such tactical 
exercises as were practicable with the modest 
forces then at the disposal of the United States 
Navy. The first lectures were delivered in the 
autumn of 1886, and the quality of the series was 
evidently recognised by those in authority, for, 
three years later, Mahan was appointed president 
of the College. In them he traced the rise and 
decline of the great maritime nations, and the 
intimate relation of naval and political history— 
mainly, however, during the era of sail, and more 
especially from 1660 onward. It was the publi- 
cation of these lectures in book form, in 1890, 
which first attracted a wider attention to Mahan’s 
teaching. Two years later, he produced The Influ- 
ence of Sea Power upon the French Revolution and 
Empire, 1793-1812. He wrote other works, but it is 
upon these two that his reputation chiefly rests. 
“There will always be a question,” wrote his 
biographer, Allan Westcott, ‘‘ what measure of his 
fame was due to the fact that the books afforded 
perfect propaganda for the naval expansion already 
under way in Great Britain, Germany, and America. 
British critics hailed them as the gospel of England’s 
greatness ; Kaiser Wilhelm II declared that he * was 
devouring them’ and had them in all his ships.” 
It may be mentioned, however, that appreciation 
was not entirely lacking in the United States, 
although official recognition there was deferred until 
the fervour of European acclamation virtually com- 
pelled it. Theodore Roosevelt declared of the first 
book, with characteristic forthrightness, “I am 











discover any previously unknown facts in naval 
history ; what he did was to marshal in precise 
order the events which showed that sea power was 
the determining factor in the destinies of nations. 

Those who seek to relate all development of 
| personal characteristics either to heredity or to 
environment must find the story of Mahan’s career 








|rather difficult to square with their principles, for | 


{there does not appear to be any particular reason 
why the study with which his name is predominantly 
associated should have made a special appeal to 

{him. His early contacts were military rather than 

| naval, his father, Dennis Hart Mahan, having been 

| professor of engineering at the Military Academy at 

‘West Point, New York, where the future historian 


greatly in error if it does not become a classic.” 
| Nothing that has happened in the past 25 years 
| has tended to shake either Mahan’s conclusions or 
| Roosevelt’s judgment of them ; and there is every 
indication that, in one particular at least, Wilhelm II 
| was wiser in statecraft than his present successor. 
| Inevitably, Mahan’s subsequent career was largely 
influenced by the reception accorded to his two 
|surveys of the effect of sea power. He became 
| president of the War College for a second term in 
1892, but had to contend continually with an 
nappreciative if not actively hostile administration, 
following year, was sent to sea again, 
In this ship, he 


u 
and, in the 


in command of the cruiser Chicago. 
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visited many European countries and twice was in 
British ports, where he was received in a manner 


which, it is said, somewhat eclipsed the official | 


welcome accorded to his superior officer, the Admiral 
in command of the squadron. Invitations to dine 
with Queen Victoria, the Prime Minister (Mr. W. E. 
Gladstone), and the Service clubs, and the honorary 
degrees conferred upon him by the Universities of 
hoth Oxford and Cambridge, set the seal upon his 
reputation and gave a lead to other nations which 
were then actively engaged in building up powerful 
navies upon the British model. In Japan, parti- 
cularly, the lessons that he taught were studied with 
a growing interest. He retired in 1896, but was 
recalled two later to on the Board 
which directed the operations of the United States 
Navy in the Spanish-American War. In 1899 he 
was a delegate to the first Peace Conference at the 
Hague, and attracted some attention by his opposi- 
tion to the theory that general disarmament and 
universal acceptance of arbitration could give any 
assurance of lasting peace between nations seriously 
at variance. He would agree to nothing that 
threatened to tie the hands of the United States in 
upholding the Monroe Doctrine, and maintained 
strongly that in Anglo-American naval supremacy 
lay the greatest hope of continued world peace. He 
continued to write, and was engaged on research for 
. study of American development and its relation 
to sea power when he died suddenly, from heart 
failure, on December 1, 1914. 


years serve 


To-day, as Rear-Admiral Ghormley declared, 
Mahan’s dream is coming true. The United States 
has “authorised the building of the 
navy of all time, on the over the 
under the sea.’’ There were those, he 
who contended that, of the 
seemingly unavoidable time lag in the functioning 
of democracies, it would be impossible to accom- 
plish this great task for years to come; but the 
facts demonstrated that no time was being lost 
in translating the programme into action. As the 
outcome of previous planning, the Navy Depart- 
ment was able to place contracts, on September 9, 
for 201 naval vessels, estimated to cost over 3,000 
million dollars. All but one of this new fleet were 
to be combatant ships, comprising seven battleships, 
eight aircraft carriers, 27 cruisers, 115 destroyers, 
and 43 submarines. With the 358 warships actually 
in service and the 130 already under construction, 
this amounted to a total of 688 fighting ships built, 
building or to be laid down within the next six 
months. For the next five years, a new warship 
would be added to the United States Navy, on an 
average, in every five days. The concurrent pro- 
gramme of air expansion would give an ultimate 
naval air strength of 15,000 machines. 


Congress 
ureatest 

and 
continued, 


sea, 
sca, 


because 


It is permissible, perhaps, to question whether, 
even now, Mahan is as widely known or as closely 
studied in his native country as he has been by 
European, and particularly by British, naval 
Lord Chatfield spoke of him mainly as 
a teacher of tactics, who constantly stressed the 
importance of thorough training and the repeated 


strategists 


lesson of history that poor men, however good their 


ships, were no match for good men in poor ships ; 
but it is probably in the wider field of strategy that 
Mahan’s arguments can be expected to find a 
fuller justitication, He wrote at a time when 
naval development was passing through a crucial 
Sail had definitely given way to steam, but 
propelling machinery was still the cause of much 
anxiety, guns were still suffering from the dis- 
advantages resulting from a growth that had 
temporarily outstripped the pace of metallurgical 
science, and propellants also were passing through a 
period of transition. These disabilities, because 
they were not peculiar to any one navy, did little 
to affect strategy. 

Chere was a pleasant irony in Lord Chatfield’s 
anecdote of his presentation, to the library of the 
British Cabinet, of a copy of The Inflw nee of Sea 
Power, inscribed upon the flyleaf, ‘‘ Lest we forget” 
but there was also a serious note of warning. In 
the years immediately following the last war, 
Britain did forget, and there is a real danger that 
weariness of war, financial stringency and wishful 
thinking may combine again to thrust Mahan and 
his principles into the background, 


stage. 


’ Office. 
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AIR-RAID PRECAUTIONS IN 
FACTORIES. 


Durine the days between the Munich “ agree- 
ment’? and the outbreak of war, much attention 
was directed to the problem of protecting buildings 
and other property from the effects of air raids. 


In particular, the Institution of Civil Engineers and | 


the Institution of Structural Engineers studied the 


question from the technical point of view, and | 


|accumulated a mass of information of which, we 


believe, good use has been made. The determina- 
tion of the probable results of a bomb explosion, 
however, is not an exact science. In fact, one thing 
which must have struck any observer is how local 
is the damage that has been caused in London 
during the last few weeks by the explosion of any 
particular bomb. It seems, indeed, that while, if 
a direct hit is suffered, considerable damage is 
caused, even to the pulverisation of the structure, 
neighbouring buildings may escape almost scot free. 
The blast is curiously selective in its action, and 
that contiguity to the site of an explosion is no 
guarantee of damage or immunity. 

These points are emphasised in a pamphlet 
entitled “‘ Emergency Protection in Factories,”’* 
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be more than 2 ft. 6 in. high, provided the personnel 
is trained to lie behind them during an attack. In 
some cases, low walls could be built behind the 
workers’ positions at the bench or row of machines, 
while in others the machines themselves or even the 
products being manufactured could be utilised for 
the purpose. Pits and sub-floor ducts can also be 
employed. Indeed, the general aim should be to 
protect the worker at the bench on all sides. In 
this connection, the protection of windows and door 
openings must not be overlooked. 

As regards overhead protection, it is considered 
that the various types of building require separate 
treatment. The roof of a steel-framed single-storey 


|shed building, for instance, gives no protection 


recently issued by the Ministry of Home Security, | 


and is primarily designed to show how protection 


can be improvised for employees who continue to | 


work after an air-raid warning. It 
record the fact, already mentioned, that in the 


places on | 


case of a direct hit on a building its occupants | 


are not necessarily doomed. 
damage naturally depends on the size of the bomb 
and the position of the hit, with the proviso that 
even then incidents follow no exact rule. There 


The extent of the} 


have been cases where a 50-kg. bomb has detonated | 


on the thin corrugated roof of a single-storey factory 
building without causing much damage, except to 
the roof covering. Where such bombs detonate on 
the floor, too, it is the roof which appears to suffer 
most, and surprisingly little damage has been done 
to the machines. Even a 250-kg. bomb may explode 
on the floor without causing more than local damage. 
It is also pointed out that where bombs are con- 
cerned a miss may be as good as a mile. In such 
cases there is very little risk of serious structural 


| damage ; indeed, 500-kg. bombs have fallen within | 


33 ft. of a workshop with a corrugated iron roof | 
without any effects more harmful than stripping the | 


sheeting from the steel work. Moreover, there is 
evidence that, in the case of a multi-storey building 


in which all the loads are carried by steel or re- | 


inforced-concrete frames, even the damage caused 
by a direct hit may be only local. 
storey buildings, collapse of all the floors in the 
vicinity is probable, though even then the damage 
may not be widespread. 


Nevertheless, it is obvious that in certain even- | 


tualities damage will result and that, in consequence, 
casualties more or less severe will occur. The causes 
of these casualties, probably in the order of their 
importance, are glass splinters, bomb fragments, 
blast and miscellaneous debris. The methods, 
which can be adopted in the shops to guard against 
them in order that work can be carried on until the 
last possible moment are discussed in the pamphlet, 
with the proviso that every type of building presents 
its own problems and that the four main categories 
of factories, namely, steel framed single-storey shed 
buildings, multi-storey steel or reinforced concrete 
frame buildings, multi-storey wall-bearing buildings, 
and other single-storey buildings, may require 
separate treatment. As regards lateral protection, 
in improvising shelter in all four categories it will 
generally be impracticable to bring the building up 
to the standard laid down in the Air Raid Shelter 
Code of a 9-in, thick brick wall in cement mortar ; 
however, it is considered that lower standards will 
provide a reasonable emergency measure of protec- 
tion. Among the measures suggested for this pur- 


' . 
pose are the provision of traverse walls so as to 


divide the floor area into as many subdivisions as 
possible. These walls, it is pointed out, need not 
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Air Raid Precautions Memorandum, 
gency Protection in Factories. London : 


(Price 1d.) 


In other multi- | 


against bomb splinters. The consequences of a 
bomb bursting directly overhead would, therefore, 
be likely to be severe. Fortunately, however, this is 
a comparatively rare occurrence. On the other 
hand, the more probable glass splinters and other 
debris can be guarded against, and this problem 
receives extended treatment in an appendix. It 
will be sufficient to say, however, that a large 
amount of research has been conducted into the 
protection of factory glazing with the result that 
it has been found that the optimum protection is 
afforded by utilising the somewhat drastic remedy 
of bricking up the vertical window openings. In 
addition, the obscured portions of roof glazing 
should be treated with hessian-bitumen and sup- 
ported underneath, or the glass may be removed 
and some opaque water-resisting and non-splintering 
material substituted. Further, the unobscured 
portions of the glazing should be treated with 
controllable obscuration, which is arranged to be 
weatherproof when closed and is supported under- 
neath with some form of wire netting. Where 
practicable, non-essential glass should be removed 
and less dangerous material should be substituted. 
All internal glass partitions should be removed or 
treated. It is essential that steps should be taken 
to minimise the danger from flying and falling 
splinters of roof. This can best be done, it is con- 
sidered, by providing 2-in. mesh wire netting inside 
all asbestos cement or other brittle roof material. 
As a last resort, some handy form of covering which 
can be pulled over the head and body while’ lying 
down should be devised. 

’ The position with regard to multi-storey steel or 
reinforced concrete buildings is more favourable, 
as this type of structure is inherently resistant to 
air attack. Indeed, it is becoming clear that the 
effects of detonation upon it is very small, and in 
any event it can with very little alteration be made 
to give cover approximating to the standard laid 
down in the Code. As before, however, steps must 
be taken to minimise the danger from flying glass 
splinters. On the other hand, where the load formed 


| by a multi-storey building is carried on masonry 


walls there may be serious danger. The main risk 
is that the structure may collapse as the result of a 
direct hit, though this risk can be materially reduced 
by giving the floors additional supports by means of 
piers or walls. Single-storey buildings with light 
roofs may be considered as steel frame buildings, 
even though they are not completely steel framed. 
Single-storey buildings with slab roofs are likely 
to collapse if directly hit unless completely 
framed. 

Finally, the memorandum deals with the question 
of the protection of the services and plant with which 
the factory is equipped, a matter which has been 
clearly demonstrated to be of supreme importance. 
Why this should be so is clear, since comparatively 
trivial damage at a vital point, such as a main 
substation or distribution board, may have wide- 
reaching effects quite out of proportion to its 
intrinsic importance. Attention is therefore, it is 
recommended, being paid to the possibility of 
duplicating or rearranging the services so that one 
bomb does not put them entirely out of action. 
All vital plant, including in particular electrical 
equipment, such as switchgear and transformers, 
should be protected against blast and splinters by 
the provision of traverse walls, and, where prac- 
ticable, of a roof. Incidentally, the services should 
be carefully inspected after a raid, as damage which 
might otherwise remain undetected may be caused 
at considerable distances. 
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NOTES. 


ConTROL OF BUILDING. 

ALTHOUGH a certain control has been exercised 
over civil building by the shortage and restriction 
of materials, this is now to be made closer and more 
definite by the inauguration of a licensing system. 
Before carrying out a piece of building or civil 
engineering work not undertaken for a Government 
Department or paid for in whole or in part by the 
Government, it will now be necessary to obtain a 
licence in order to continue, unless the operation 
costs less than 500/. or can be described as a work 
of maintenance, as running repairs or as decoration. 
Local authorities will require no licence for any 
operation, but will need to obtain an authorisation 
for new works from the appropriate department. 
Actually this will make little change in their position, 


since both they and public utility undertakings have | 


been required for some time to obtain licences to 
use timber, steel and cement. In describing the 
position last week, Mr. R. Assheton, M.P., chairman 
of the Works and Building Priority Committee, said 
that the regulations should not be interpreted in 
any narrow or obstructive way. It should not be 
supposed, for instance, that a railway company 
which had a piece of rail knocked out by a bomb 
would have to apply for an authorisation from the 
Ministry of Transport before starting the necessary 
repairs. The new regulation will come into force on 
Monday, October 7, but work now in hand may be 
continued, provided that an application for a licence 
is made before Monday, October 21, until the appli- 
cation is disposed of. The new regulations are con- 
tained in an additional clause to the Defence 
(General) Regulations, the effect of which is to 
establish the Commissioners of Works as the body 
which will operate the system on behalf of the 
Works and Building Priority Committee.“ This 
department has already appointed licensing officers 
in each of the twelve regional areas. These new 
arrangements should make it easier for Govern- 
ment departments to obtain the building *material 
to which they have prior claim, and may also help 
to solve the important problem of the ordering of 
priorities among these departments themselves. 


Roap AccIDENTS IN WaR TIME. 

August, 1939, was the last month of peace. It 
may be assumed, therefore, that road traffic was 
about normal for the time of year, being above the 
annual average owing to the holiday season and 
perhaps owing to the preliminary movements of 
troops and munitions. It may thus be presumed 
that the number of accidents would be relatively 
high, and actually the figure for fatal injuries was 
618. During August, 1940, petrol rationing and 
other causes have practically eliminated almost 
everything in the nature of pleasure traffic, and the 
roads are therefore mainly occupied by industrial 
and military vehicles. The volume of this traffic 
however, is but a small fraction of what was usual 
twelve months ago. It is, therefore, surprising to 
learn that during August, 1940, 729 persons were 
killed on the roads, an increase over the preceding 
August of 17-9 per cent. The black-out cannot be 


blamed for this unsatisfactory position, since of the | 


total fatalities only 265 occurred during the hours of 
darkness. Deductions are, in fact, difficult to make, 
but it may be inferred that the decrease in traffic 
has led to higher speeds, greater carelessness on the 
part of all classes of road users, and a decrease in 
that consideration for others which is essential if 
the number of accidents is to be reduced. 
bably all these factors played their part, but in 
considering their effects it may be pointed out 
that no less than 318 of the fatalities were suffered 
by pedestrians, and that of these 107 were under 
15 years of age. Pedal cyclists accounted for 129, 


while fatalities to drivers of cars were only 34, and | 


to their passengers 95. 


TRAINING INDUSTRIAL WORKERS. 
Attention has recently been drawn by more than 
one authority to the urgent necessity for increasing 
our war effort by enlisting more workers of the 
right kind. One of the avenues which has to be 
explored (if so worn-out a phrase may be allowed) 
is the reduction of the time required for training. 


Pro- | 


ENGINEERING. 
It is essential, in fact, to find and use quicker 
methods than those which served in peace time, 
while at the same time preserving the necessary 
standard of work. The Ministry of Labour Training 
Centres have already shown that sufficient training 
for certain types of specially skilled work can be 
given in much less time than was previously con- 
sidered necessary, but individual firms who are now 
tackling the problem for the first time might well 
consult a pamphlet on “ Training Industrial Work- 
ers,’’ which has recently been issued by the National 
Institute of Industrial Psychology, Aldwych House, 
London, W.C.2. The keynote of this pamphlet is 
that it is a mistake to leave learners to pick up the 
work for themselves or merely by watching experi- 
enced workers. Recruits to the weaving industry, 
for instance, must be taught the process and under- 
stand something of the mechanical working of the 
loom. Such a type of training is best carried out 
away from the shops and necessarily varies in 
amount with the particular job. Particular stress is 
laid on training in correct, quick and easy move- 
ments, and above all on the proper choice of the 
instructor, who, it is considered, should be taken off 
productive work when actually engaged on teaching. 
As an example of the excellent results that are 
obtainable by these methods, mention is made of a 
munitions factory where the output of airtight shell 
fuse cases was increased from 10,000 to 20,000 a week 
by careful instruction in the hand-soldering of the 
seams and by other improvements of a similar 
character. 


War Emercency GENERATING STATIONS. 


In the early part of the year, a good deal was 
heard about the adverse effect on electricity supply 
undertakings in certain districts of the black-out, 
and, perhaps to an even greater degree, evacuation, 
both official and unofficial. On the other hand, 
it was clear, there were some areas in which the 
effect of the war on electricity supply had been 
beneficial rather than harmful, and it is probably 
a .correct deduction that, on the whole, output 
has increased rather than decreased. That this 
view is reasonable is shown by the fact that the 
Central Electricity Board have recently received 
from the Electricity Commissioners two schemes 
dealing with generating plant. These schemes 
amend the existing electricity schemes for South- 
East England and South-West England and South 
Wales, respectively, by providing for the erection 
of an additional selected station in each of these 
areas. It is specified that the new station contem- 
plated in the South-East England area shall com- 
prise an installation not exceeding 50,000 kW, 
}and that the other, in South-West England and 
| South Wales, shall not exceed 30,000 kW. The 
| size and location of each station will be deter- 
|mined by war emergency requirements and not 
by considerations arising from the normal growth 
of load on the grid system. Though this decision 
|is undoubtedly the correct one in the circum- 
| stances, it is to be hoped that post-war possi- 
| bilities will not be entirely overlooked. The 
erection of a new station is not the work of a few 
months, and by the earliest date that one can be 
completed circumstances are likely to have changed 
The comparatively small size of the 





| considerably. 


initial installation in the two cases raises the question | 


whether the sites selected will also be of an “* emer- 
gency ” character or whether they will be suitable 
| for further extension subsequently. 


Arr-Ratp PRECAUTIONS FOR Users OF AMMONIA. 


The extensive use now being made of anhydrous- 
ammonia refrigerating plants makes somewhat 
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provide a reservoir, no reserve stocks at all should 
be kept, a new cylinder being ordered as necessary 
and completely emptied at once. Where it is 
essential to keep additional supplies in cylinders, 
these should preferably be dispersed to protected 
positions in the open, away from risk of fire, and 
stored horizontally. If such a dispersal is impractic- 
able, the cylinders should be placed in an angle of 
the walls of the building and suitably protected 
on the exposed sides. Precautions against the 
escape of ammonia from a refrigerating plant 
include the provision of sills round the area over 
which liquid ammonia may flow from a broken 
condenser coil; and it is suggested that the con- 
denser water should be kept running, as ammonia 
is readily soluble in water, and the aqueous solution 
is less dangerous than the anhydrous liquid. The 
charge in the machine should be isolated by closing 
all possible stop valves. To facilitate this opera- 
tion by possihiy inexperienced personnel in an 
emergency, ihe 2ngine-room master valves may be 
painted in different colours; for example, red for 
valves controlling high-pressure liquid ammonia, 
blue for hot-gas master valves, and yellow for the 
suction master valves. It is stated that tests have 
shown ordinary respirators to give a certain degree 
of protection against anhydrous-ammonia gas, 
although they were not designed with this purpose 
in view. The most effective means of reducing a 
concentration of ammonia gas in air is a water 
spray or jet from a hose, a large volume of water 
being applied to wash away any liquid ammonia 
on the floor or walls of the chamber affected. If 
the valve of a leaking cylinder cannot be closed, 
the cylinder should be disconnected for immediate 
removal to the open air. It is pointed out that 
cylinders to be emptied should be laid horizontally, 
so as to discharge the ammonia in liquid form, due 
care being taken to avoid burns by the splashing 
of the liquid. 


Rattway DEVELOPMENT IN New ZEALAND. 


The annual statement by the Minister of Rail- 
ways of New Zealand, recently issued, covers 
the year ended March 31, 1940, and discloses a 
satisfactory state of affairs. This is the more 
gratifying since, at the beginning of the year under 
review, preparations had been completed to deal 
both with a considerable augmentation of the 
inward tourist traffic and with an additional volume 
of trade and travel within the Dominion, due to 
the numerous centennial functions that had been 
planned. The outbreak of war, however, brought 
about an almost complete cessation of the tourist 
traffic; and though all centennial undertakings 
and commitments were met, the arrangements had 
to be modified so that the special transport needs 
created by the war situation were not interfered 
with. Fortunately, substantial additions had been 
made to all classes of rolling stock to meet the 
anticipated requirements of the centennial year, and 
these were utilised to assist the transport both of 
troops and material. The gross revenue of 
10,199,070/. was the highest ever earned in one 
year; actually, this figure has risen by no less 
than 3,600,000/. in five years. It must be admitted, 
however, that conditions were exceptional and that 
| the cessation of the centennial celebrations and the 
dislocation caused by the war are likely to slow 
down progress, if not to halt it. The passenger 
revenue, of 2,119,335/., was 333,689/. more than in 
| 1939, while the goods revenue, of 6,312,278/., showed 
'the proportionately smaller increase of 427,035/. 
|A part of this improvement, however, must be 
| ascribed to an increase in the general scale of charges. 
| Since 1935, when depression and policy were both 





urgent the question of the precautions necessary | laying a restraining hand on railway development, 
against a sudden release of the liquid or gaseous | successful steps have been taken to make up 
ammonia as a result of air-raid damage. The| the leeway, in order to provide a modern quality 
Ministry of Home Security has recently given atten-| of service. The rolling-stock position has been 
| tion to this problem, and has now issued a pamphlet, | improved by placing in commission seven electric 
Air Raid Precautions tobe Taken by Users of Ammonia | locomotives, 56 steam locomotives, 56 carriages, one 
| (H.M. Stationery Office, price 1d.) containing advice | railcar, and 1,779 wagons ; nevertheless, there were 


on the subject. The main, and obvious, precaution 
recommended is to keep stocks of anhydrous 
ammonia down to the absolute minimum, and it is 


periods during the year when a shortage was 
evident, and, therefore, two further electric loco- 


| motives and 45 steam locomotives are being con- 





| suggested that replacements should only be ordered | structed. Of this number, two electric and 15 steam 
when the cylinders in use are 75 per cent. empty. | locomotives will be placed in service during the 
If the capacity of a given plant is sufficient to! current year. 
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THE LATE SIR ROBERT 
HADFIELD, BART., F.R.S. 


ENGINEERS and metallurgists in all parts of the 
world will learn with regret of the death of Sir 
Robert Abbott Hadfield, Bart., which occurred at 
Kenry House, Kingston Hill, Surrey, on Septem- 
ber 30. Sir Robert, who was chairman and managing 
director of Messrs. Hadfields, Limited, Sheffield, 
and occupied a prominent position in industrial 
circles for many years, was born in Sheffield on 
November 28, 1858. He received his general 
education at the Sheffield Collegiate School and 
also studied metallurgy and chemistry at Firth 

in his native 
He then entered 
Hecla Works of 

The Hadfield 
Foundry Com- 
Attercliffe, Shef- 
which works his 

the late Mr. 
Robert Hadfield, had 
put down in 1872 for 
the production of cast- 
steel hydraulic- press cyl- 
inders, wheels, and simi- 


College 
city. 
the 
Messrs. 
Steel 
pany, 
field, 
father, 


lar engineering com- 
ponents, There he 
pursued a course of 
practical training, ex- 


tending over six years, 


under the engineer 
ing manager. Passing 
through the various 


shops, he completed his 
training in the drawing 


office. He thus gained 
experience in pattern 
making, steel casting, 


engine construction, me- 
chanical testing and all 
metallurgical work con- 
nected with the produc- 
tion and treatment of 
various classes of steel. 
Besides following atten- 
tively, in his early 
years, all the processes 
of manufacture carried 
on in the various shops 
of his father’s establish- 
ment, Sir Robert found 


time to give special 
attention to research 
work in the chemical 
laboratory, a kind of 
work which he had 


always found particular 
lv attractive. 

After filling a number 
of responsible positions 


in the management of 
the works, he under- 
took entire control on 


the death of his father 

in 1888. In this same 

vear the firm was incor- 

porated as Messrs. Had- 

field’s Steel Foundry 

Company, Limited, Sir Robert appointed 
chairman and managing director, and the company 
continued to bear this name until 1913, when the 
present name of Messrs. Hadtields, Limited, was 
adopted. In the ‘nineties of last century, the Atter- 
cliffe Works of the Company were rapidly becoming 
too small to cope adequately with the expanding 
business of the firm, and, largely on the initiative of 
Sir Robert, it was decided to build additional and 
much larger plant at Tinsley, Sheffield. These 
works, known as the East Hecla Works, were com- 
menced in 1897, and an open-hearth steel-furnace 
“installation, an electric steel-making plant, a spa- 
cious foundry, press and steam-hammer forging 
shops, and rolling mills, were successively built. 
Early in 1915, extensive machine shops were put 
down for turning out shells and other munitions. 
The older works in Attercliffe have been retained 


being 
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and still house some of the firm’s chemical and 
physical laboratories and other departments, in 
which Sir Robert was always specially interested. 
The above brief description of the development 
of the Hadfield works will give some idea of the 
activity displayed by the chairman of the Company, 
which activity continued unabated until a year or 
two before his death. Sir Robert, however, will 
chiefly be remembered for his notable researches 
in the field of alloy-steel metallurgy. Following 
on a systematic investigation ofgalloys of iron and 
manganese, he discovered, in 1882, that a steel 
containing from 12 per cent. to 13 per cent. of 
manganese possessed greater hardness and toughness 
than had hitherto been thought possible in a ferrous 





| Photo 


Late Str Rosert Haprievp, Barr., F.R.S. 


material. This alloy attracted world-wide 
attention, and, owing to its great wear-resisting | 
properties, manganese steel is employed for railway 
points and crossings, ore- and stone-crusher parts, | 
dredger components, and many other components. 
During the 1914-18 war, when Sir Robert placed 
his experience unreservedly at the disposal of the 
authorities, manganese steel used, among 
other things, for the manufacture of shrapnel-proof 
helmets, and, we believe, upwards of 7 millions of | 
helmets were to British and allied 


soon 


was 


these issued 
troops. 

In the ‘eighties of Jast century, Sir Robert also 
commenced his researches on the silicon and alumi- 
nium steels and during the period from 1895 to 1900, 
in collaboration with Sir William Barrett, made an 
extensive study of their magnetic properties. 
These resulted in the material which came to be 
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known as the Hadfield low-hysteresis silicon steel 
and was largely used in transformers and electrical 
machinery generally. In his work on alloy steels, 
Sir Robert gathered around him a staff of research 
metallurgists, chemists, and engineers who, from 
the commencement, proved themselves able and 
energetic collaborators. The researches carried 
to a successful issue formed the subject of a 
large number of interesting papers of a highly 
informative character. During his long career, 
Sir Robert presented over two hundred contributions 
to the proceedings of learned and technical societies 
and institutions in this country and abroad. His 
first papers, we believe, were those on manganese 
steel, read before the Institution of Civil Engineers 
and the Iron and Steel 
Institute in 1888. These 
contributions were fol- 
lowed by others on the 
alloys of iron and silicon, 
read in 1889; on alu- 
minium-iron alloys, de- 
livered in 1890; on the 
alloys of iron and chro- 
mium, given in 1892; 
on the heat-treatment 
of manganese steel, read 
in 1894; on the alloys 
of iron and tungsten, 
read in 1903 ; on experi- 
ments relating to the 
effect on the properties 
of iron and its alloys 
produced by liquid-air 
temperatures, delivered 
in 1905; on hardness 
testing, given in 1918; 
and on alloys of iron 
and manganese contain- 
ing low carbon, read in 
1927—to mention only 
a few of the numerous 
papers he contributed to 
the Journal of the Iron 
and Steel Institute. His 
last contribution to the 
proceedings of this Insti- 
tute was that dealing 
with roofing sheets of 
copper steels and other 
materials, written in col- 
laboration with Dr. 8. A. 
Main, and read at the 
annual meeting in May, 
1937. 

All Sir Robert’s papers 
give indications of most 
careful preparation ; 
they were written with 
extreme care, and inva- 
riably formed interest- 
ing reading. Especially 
in his later years, he 
devoted considerable at- 
tention to classical 
metallurgy, to the his- 
tory, or what may 
perhaps be termed the 
genealogy, of alloys. He 
studied closely the scope 
and bearing of work 
carried out in former years, and, even in former 
centuries, and on these matters was an acknow- 
ledged authority. Largely owing to his efforts, 
the early work of Faraday on alloy steels, and that 
of other, more obscure, pioneers, was brought to 
the fore. 

Sir Robert was created a knight in 1908 and a 
baronet in 1917. He was made a Fellow of the 
Royal Society in 1909, and was an Hon. D.Sc. of 
Oxford and Leeds Universities, and Doctor of Metal- 
lurgy of Sheffield University. He was elected a 
member of the Iron and Steel Institute in 1885, and a 
member of the Council in 1890. In 1903, he was 
made a vice-president and served as president from 
1905 to 1907. In 1904, he was awarded the Bessemer 
Gold Medal. Sir Robert was also a member of the 


Institution of Civil Engineers, an honorary member 
of the 


Institution of Mechanical Engineers, a 
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member of the Institution of Electrical Engineers, 
an original member of the Institute of Metals, and 
a Fellow of the Physical Society, the Institute of 
Chemistry, the Chemical Society, and the Institute 
of Physics. Sir Robert’s distinctions were very 
numerous. Apart from those derived froni his 
connection with the Iron and Steel Institute above 
referred to, he was a Freeman of the City of London 
and of the City of Sheffield, president of the Sheffield 


Metallurgical Society from 1893 to 1894, of the | 


Sheffield Society of Engineers and Metallurgists 
from 1894 to 1895, of the Society of British Gas 
Industries from 1917 to 1918, of the Faraday Society 
from 1914 to 1919, and of the British Commercial 
Gas Association in 1920. He was also vice-president 
of the Federation of British Industries, the Royal 
Society of Arts, the British Science Guild, the British 
Electrical and Allied Manufacturers’ 


Institute of Industrial Psychology, and _ hon. 
member, or member, of several other learned societies 
of the Continent and the United States. Sir Robert 
was Master Cutler of Sheffield in 1899-1900. He 
received the Institution of Civil Engineers’ Howard 
quinquennial prize and premium in 1903, as well as 
George Stephenson and Telferd Gold Medals and 
Premiums ; he was the James Forrest Lecturer in 
1906, and was awarded medals by several important 
scientific societies. Among his recent distinctions 
may be mentioned the award of the Albert Medal 
of the Royal Society of Arts, of the Bronze Medal 
of the Ecole des Mines de Saint Etienne in 1935, 
and the Trasenster Medal of the Association des 
Ingénieurs Sortis de Ecole de Liége in 1938. Sir 
Robert was elected an honorary member of the 
Société de l’Industrie Minérale, St. Etienne, and 
of the Norwegian Academy of Science and Letters, 
in 1936, and of the Institution of Civil Engineers 
in 1937. He was an Officer of the Legion of Honour, 
and was raised to the distinction of Commandeur 
in 1937; he also received the Japanese Order of the 
Sacred Treasure. 








DIRECTIONAL STABILITY 
OF SHIPS. 


By J. Locxkwoop Taytor, D.Sc. 

Or the two qualities which, together, may be 
said to constitute the steering performance of a 
ship, namely, manceuvrability and course-keeping 
ability, or directional stability, attention has usually 
been directed, in experimental work and full-scale 
trials, principally to the former. It is recognised 
that the two are to some extent opposed, since a 
vessel which answers the helm readily is likely to 
show a greater tendency to yaw from a straight 
course, even when no rudder is applied, than one 


which is less easily manceuvred ; and it is evident | be expected to be appreciable, tests can be made 
that the relative importance of the two qualities | With springs of different strengths, but in comparing 
depends on the service for which the ship is designed, | *W° forms which are fairly similar in profile this 
such types as coasters and cross-channel boats | 
obviously requiring greater facility in handling” 


| 


without the assistance of tugs. Lack of directional | 


than ocean-going ships which spend most of their 
time at sea and do not have to enter small harbours 


stability tends to increase the extent to which the 
rudder must be used in order to maintain a steady 
course, and this is known to influence the horse- 
power required and hence the fuel consumption for a 
given average speed. Similarly, when automatic 
steering is employed, the stabilising effect of the 
gyro-pilot must be sufficient to overcome any 
inherent lack of directional stability in the ship 
itself. Quantitative prediction of the vessel’s 
properties in this respect requires experimental 
work on the course-keeping of the model hull, and 
it is proposed to discuss in particular the methods 
by which such model tests can be carried out. 

In practice, it is not usually feasible to give any 
ordinary ship, of normal form, positive directional 
stability in the sense that it is possessed by an 
aircraft having sufficient rear-fin area. The form 
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structural considerations, the position has to be | 
accepted that any slight accidental yaw that the | 
ship may acquire tends to accentuate itself. The | 
direct measurement of the degree of negative stabi- | 
lity of the ship hull and its model, which is thus | 
implied, is practically inconvenient and is difficult 
to make with accuracy, and it appears necessary 
to resort to an indirect method involving a special 
technique. 

The direct method would be to tow the model in 
the ordinary way, and, when a steady speed had 
been reached, to release it from the guides which 
normally prevent yawing, and to record the free 
motion resulting. It is desirable that towing should 
| continue in order to avoid the complication of 
decelerated motion, the model being allowed to 
pivot about the towing point amidships. The 
principal disadvantage of this method is that the 
actual point of commencement of the yaw is apt to 
be indeterminate, since it may not coincide with 
the instant of release and cannot be determined 
with close accuracy from the record of angular 
position ; either the model receives a slight acci- 
dental impetus from the guides on release, or it 
continues to run true for a short distance under the 
slight frictional constraint at the pivot. 

An indirect measure of what may be termed the 
static directional stability can be got by a method 
suggested by aeronautical practice in wind-tunnel 
tests on longitudinal stability of aeroplanes. If 
the model is towed at a small fixed angle of yaw, 
and the corresponding ship turning moment about 
amidships is measured (the rudder, of course, being 
fixed), the slope of the moment curve plotted against 
angle can be regarded as giving a first approximation 
to the relation which holds when the angle is varying 
at a sufficiently slow rate, as in the practical case ; 
the greater the unstable yawing moment at a given 
| angle, the more rapid the rate of development of a 
swing under free conditions. The dynamic part 
| of the total moment, depending on the time rate 
of change of the angle, is not included. 

To obtain information about this dynamic or 
damping moment, it is necessary to use a method 
in which actual swinging of the model occurs, but 
it is clearly undesirable, as already indicated, that 
the swing shall be an unstable divergence from the 
neutral position, with the hull centre-line lying 
in the direction of motion. ‘To control the motion, 
and render it stable and oscillatory, the obvious 
method which suggests itself is to fit a torsion 
spring at the pivoting point, of sufficient stiffness to 
more than balance the unstable hydrodynamic 
moment. The constrained model then has a 
definite yawing period, from which, in conjunction 
with the known strength of the spring, the desired 
information as to the variation of yawing moment 
with angular position can be deduced. To bring 











factors involved in the case of the ship are princi- 
pally the profile of the forefoot and the extent of the 
after deadwood (including the rudder, regarded as | 
a fixed fin); but, as the amount of latitude in 
fixing these is restricted by resistance, docking and 


in the effect of virtual inertia of the water, which may 


refinement is probably unnecessary. 

Reference has been made only to the derivation 
of the yawing moment as it depends on the angle 
of yaw, or the static moment as it has been called ; 
this, of course, may be compared with that measured 
at a fixed angle of yaw. The record obtained from 
the oscillation of the spring-controlled model after 
an initial disturbance gives, in addition, the hydro- 
dynamic damping; the analysis of the records to 
evaluate the latter may be made on similar lines 
to the analysis of free rolling records. 








RECENT ADDITION TO THE UNITED STATES MERCHANT 
FLEET.—The first of five cargo vessels, under construction 
at the Sparrows Point Shipyard, Maryland, U.S.A., of the 
Bethlehem Steel Company, Shipbuilding Division, for 
Messrs. Lykes Brothers Steamship Company, Houston, 
Texas, was launched recently. The vessel, the single- 
screw steamship James Lykes, has an overall length of 
416 ft., a beam of 60 ft., and a depth to the main deck 
of 37 ft. 6 in. She has a deadweight carrying capacity of 
9,075 tons, and accommodation is provided for eight 
passengers. Her propelling machinery comprises a 4,000- 
shaft horse-power double-reduction geared turbine, and 
steam is supplied by two oil-fired water-tube boilers 
which supply steam at a pressure of 450 Ib. per square 
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THE PROTECTION OF WINDOWS 
AGAINST AIR-RAID DAMAGE. 


In the article on “ The Air War,” which appeared 
on page 231, ante, reference was made to the investi- 
gations carried out by the Research and Experiments 
Department of the Ministry of Home Security. We 
reproduce below, in abridged form, the main conclusions 
embodied in three recent reports issued by the Ministry, 
namely, Bulletins No. C.9, dealing with The Protection 
of Plate-Glass Windows ; No. B.6, Bracing Systems for 
Large Sheets of Glass ; and No. C.10, on Flexible Sub- 
stitutes for Glass. ~ 

Bulletin No. C.9 is concerned with vertical windows, 
fixed or made to open, fitted with plate glass , in. 
thick, or more. The protection of the interior, lit 
by the window, is also considered. Large windows, 
as in shops and show rooms, are prone to damage by 
blast because of their large areas. Small panes of 
plate glass are relatively strong, but may fail by the 
frame breaking. The weakest form of fixing for 
plate glass is to fasten the edges of panes by means 
of clips and bolts through the glass. Stout steel or 
bronze frames are generally better than wooden ones, 
though much depends on the dimensions of frame 
sections in relation to pane size. 

When a bomb explodes, the direct blast pressure may 
force in the window, or the suction following the 
pressure pulse may pull it outwards. At greater 
distances reflections of the shock-wave may start 
strong vibrations in a window which happens to have 
the same natural frequency. Such a window may 
break when others close by are unharmed. The 
minimum distance from an explosion at which plate 
glass will escape damage cannot be predicted, but 
within 200 ft. its chance of survival is small. Beyond 
that distance the chance depends on factors which 
include size and thickness of pane, frame fixing, size 
of bomb and method of detonation and, in particular, 
the reflection of the blast wave from adjacent buildings. 
The last factor is chiefly responsible for the apparently 
freakish fracture of windows. Panes facing the ends 
of streets leading towards the explosion often break 
where adjacent windows escape. Where blast travels 
along a street, the side panes (at shop entrances, etc.) 
may be broken and the larger front panes escape ; 
elsewhere the reverse may happen. When a pane 
breaks under severe blast, pieces may be scattered 
violently. It is not possible to foretell whether the 
pieces will fly inwards or outwards. When a pane 
breaks under distant blast, pieces generally fall inside 
and outside within a few feet. 

Plate glass in internal partitions, show cases, etc., 
is almost as liable to fracture and to dangerous scatter- 
ing as glass in external windows. Plate glass in doors, 
and in sliding or hinged windows, is somewhat less 
vulnerable than in fixed windows, provided the door 
or window allows some degree of movement. The 
decrease in risk does not warrant the omission of 
protective measures. It is desirable to fasten doors 
wide open during air raids and generally to open win- 
dows. There is no method of preventing the fracture 
of glass under blast except by complete closing of the 
window opening, as described in A.R.P. Memorandum 
No. 12, Protection of Windows in Commercial and Indus- 
trial Buildings; nor has any method yet been dis- 
covered of materially increasing the resistance of glass 
to blast while retaining its transparency. 

Various forms of bracing and damping devices have 
been investigated, but none has been found which can 
be relied on to strengthen the resistance of the glass. 
The static strength of a sheet of glass, assumed to be 
subjected to a uniformly distributed load over its . 
whole surface, is increased if a brace is fitted which 
provides a single central rigid support having an area 
greater than 4 of the length of the sheet by 4 of the 
breadth. If the area of the central rigid support is 
less than this amount, the strength of the pane is 
decreased, since the more concentrated forces at the 
support induce high stresses at that point. If the 
support is not rigid the strengthening effect is diminished 
and so also is the concentration of stress. 

If the brace restrains movement at the centre of the 
pane, the glass between the centre and the edges 
acquires a natural frequency of vibration higher than 
that of the pane without the brace ; consequently, the 
equivalent static pressure exerted by the blast on the 
braced pane is increased. It has been calculated that 
if the natural frequency of the pane, without a brace, is 
10 cycles per second, as with a sheet of plate glass 
} in. thick and 9 ft. square, the effect of fitting a rigid 
central brace is to increase the equivalent static load 
exerted by the blast about 3} times. In practice, the 
brace will not act as a rigid support but will always 
allow some movement of the pane, depending on the 
tension of the stay wires and their inclination to the 
pane. The fundamental frequency of the unbraced 
pane will thus not be entirely eliminated by the fitting 





inch and a temperature of 750 deg. F. at the superheater 
outlets. 





of the brace, though vibration of the pane at this 
frequency will be greatly restrained. 
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It follows that fitting a more or less rigid support at 
the centre of a sheet of glass always increases the 
effective pressure and the suction forces exerted by the 
blast wave, and may or may not increase the strength 
of the pane; consequently, the effective resistance 
which the glass can offer to the incident blast wave 
may or may not be increased. The two effects are 
opposing and either may predominate, but in no case 
is the effect likely to be great In other words, the 
brace may make the conditions worse or better, bat 
is not likely to have much effect either way 


The behaviour of braced windows in air raids has 
confirmed the investigations. An important objection 
to such devices is that they may give the building 
oceupier a false sense of security, blinding him to 


the need for providing against the danger of flying 
glass. This danger is in no way eliminated by any 
bracing The possibility of increasing the 
resistance of large sheets of plate glass is being investi- 
gated. Research, however, does not at present indicate 
more than that it is useful to provide a flexible setting 
for the glass 

Since it is not practicable to prevent the fracture of 
plate glass windows while retaining their transparency, 
efforts should be directed towards minimising the 
results of breakage. Such results include injury 
from flying glass, damage to stock or other contents 
of the building from flying glass and from exposure to 
weather, and, in shops, pilfering of stock and loss of 
trade. The following methods are available: 

(1) Boarding Up External Insplay Windows. 
Windows may be covered externally with boarding on 
stout framing, securely fixed and provided with hinged 
shutters over openings exhibiting the display space 


device. 
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treatment is suitable for plate glass , in. or } in. 
thick, though it reduces the transparency. A full coat 
of varnish is brushed on the glass and when it has 
become tacky a sheet of fabric or strong textile netting 
is pressed into the varnish so that the whole glass area 
covered. When the material is thoroughly set a 
full coat of varnish is brushed over the whole. Where 
considerable transparency is required, textile strips 


is 


can be used, though this treatment is not so efficient | 


as a close-mesh netting all over the glass. Interspaces 


| between strips should not be more than 6 in. each 


Such boarding only gives a slight degree of protection. | 


Under severe blast the boarding may be dislodged 


bodily, but is likely to be replaceable with minor repairs. | 


Shortage of timber discounts this method. 
advantage of boarding over the methods described 
below is that it gives some protection against weather 
and pilfering to the display space and to the stock. 
Since boarding gives little protection against the 
scattering of glass fragments internally, it is desirable 
to add such protection as is described below in para- 
graphs (4), (5) and (6) 
wood give protection than boarding. Under 
severe blast they may be dislodged from their guides. 
Open-mesh shutters of “ portcullis 
damage by blast, but protect only against pilfering. 


less 


’ type often escape | 


The | 


Rolling shutters of steel or | 


Che obsolescent sectional wooden sliding shutter gives | 


protection similar to light boarding. 

(2) Bricking Up the Display Space.—Internal damage 
can be much reduced if a solid brick wall is built at 
the back of the display space. If this wall, which 
should extend to the ceiling, is 124 in. thick, the shop 
interior will be given lateral protection on the street 
side like that afforded by an air-raid shelter. 
with a 9-in. wall, protection is appreciable. It 
desirable that entrance to the display space should be 
at the side. This method may necessitate a special 
support for the wall. 

(3) Improving Panelling Behind Display Spaces. 
Where display spaces in shop fronts are backed by 
wooden panelling, if this is substantial, well braced 
and extends to the top level of the glass, it provides 
useful protection to the interior. Where panelling is 
low, wire netting of 4 in. mesh should be securely 
fixed between the panelling and the ceiling. 

(4) Wire Netting.—Wire netting of }-in. mesh will 
stop all but the smallest fragments of broken glass ; 
these, except under very severe blast, are not likely to 
fly far. There is no need to use two layers of netting 
Expanded metal! of similar sized mesh gives equal pro- 
tection but Jess transparency. The netting must be 
securely fixed, that is, by firm stapling or strongly- 
nailed battens. To allow cleaning of the glass, the 
netting is best attached to removable wooden frames. 
hese should not be flimsy Che frames should be 
securely fixed to the structure, by bolts rather than 
by turn-buttons. It has been found in practice that 
the fixing and framing are the weakest parts of protec 
tive netting systems. The netting should be as close 
to the glass as possible, preferably touching it. Netting 
of larger mesh than $ in. has much less effect in arresting 
fiying glass fragments. A mesl larger than 1 in. may 
pass dangerous fragments of glass. Some local authori- 
ties have asked shop owners to fix wire mesh outside 
plate-glass windows lest glass lying in streets should 
immobilise civil-defence vehicles, such as fire engines 
und ambulances, by damaging the rubber tyres. 
Research and practical experience show that this risk 
has been exaggerated. 
Blinds and Curtains. 


(5) Blinds and curtains, parti- 


cularly if heavy and thick, give a moderate degree of 


protection against flying glass fragments, except under 
intense blast. 
(6) d) 


vesive Treatments.—An adhesive treatment 


does not make the breakage of glass less likely, but, 
if appropriate to the weight and size of glass, it affords 
a useful measure of protection against the scattering 
of fragment 


The following “ anti-scatter "’ adhesive 


Even | 
is | 


way. The stronger the textile and adhesive, the better 
the result. Transparent film of Cellophane type 
pressed into dnd afterwards coated with varnish is a 
useful alternative to the fabric or textile netting 
treatment. The above adhesive treatments cannot be 
used on obscured glass, unless the surface is smooth 
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cause a fair proportion of air raid casualties, and serious 
inconvenience from exposure to weather. Several 
“ anti-scatter”’ treatments to prevent the flying of 
glass fragments have been recommended in Ministry 
of Home Security publications,* but, though such 
treatments may hold fractured panes together, they 
neither reduce the risk of breakage nor prevent the 
pane being wholly dislodged if the blast is violent 
enough. It appears unwise to replace broken glass 
with new glass, in view of the risk of repeated attack. 
Further, supplies of materials for protective treatments 
can be expected to serve only a fraction of the glass at 
present in use. The utility of a flexible substitute for 
glass that can be harmlessly dislodged by blast and 
readily replaced is therefore obvious. 

Flexible substitutes, discussed in Bulletin No. C. 10, 
may be either translucent or, where permanent obscura- 


FOR GLASS. 


Size of Price, 


Name Description Thickness. Sheets. per sq. yd. Makers. 
Translucent 

Materials 

“ Armourbex “ Cellulose-acetate sheet rein- 0-022 in. 55 in. by 24 in. 10s. approx. Messrs. British Xylonite 
forced with wire mesh. Company, Limited, Hale 

End, London, E.4. 

“ Celiglas " Moisture - proofed viscose ls. 6d. Messrs. British Celilynd 
film reinforced with tex- Limited, Burwell Works, 
tile fabric Lea Bridge, Leyton, Lon- 

don, E.10. 

* Cellofabric " Cellulose-acetate film rein- 0-005 in 18 in, wide 13s. Messrs. Cellofabrics, Limited, 

forced with textile fabric 0-003 in 78. 11, Gillingham-street, 
0-002 in 4s. 6d. London, 8.W.1. 

“ Del Beta ” Cellulose-acetate film rein- 18 in. wide G.R.3,48.; G.R.4, | Messrs. Dobsons and M. 

forced with textile fabric 5s.; G.R.5, 10s. Browne, Limited, Del Beta 
House, Nottingham. 

Dufaynet ” Cellulose-acetate film rein- 22 in. wide 2s. Od Messrs. Dufay-Chromex, Li- 

forced with textile fabric mited, P. and O. House, 
14-16, Cockspur-street, 
London, 8.W.1 

“ Ferrophane ” Expanded-metal mesh coat- 54 in. by 24 in Ss. 3d Messrs. Ferrophane, Limited, 
ed with film of ethyl- 52, West Ham-lane, Lon- 
cellulose don, E.15 

“ Marvol 36 in. and Messrs. Saville Marvel and 

48 In. wide Company, Limited, Port- 
street Works, Manchester, 
1. 

“ Nuart ” Cellulose film reinforced by 40 in. wide Messrs. A. and F. H. Parkes 

filet net ‘ (Nottm.), Limited, Anglo- 
Scotian Mills, Beeston, 
Notts. 

* Rexine " Cotton fabric impregnated 40 in. wide 2s. Od Messrs. I.C.I. Rexine, Limi- 

with cellulose acetate ted, Imperial Chemical 
Hou:-e, Millbank, London, 
8.W.1 

“ Steadoglass " Cotton fabric impregnated 36 in. and 3s. 3d. Messrs. Storeys, Limited, 

with linseed oil. 50 in. wide Lancaster. 
(“ Super Quali- 
ty,” 27 in. wide) 

“ Sunralite " Fine wire mesh coated with 36 in. wide 42. 6d Messrs. Sunralite, Limited, 

film of cellulose acetate 84, Chestnut-road, Lon- 
don, N.17 

“ Textuff ”’ Cotton fabric impregnated 37 in. wide lid. to 1s. 2d Messrs rextuff, Limited, 

with viscose. c/o Captain Kilner, Tree 
Tops, Dollis-avenue, Lon- 
don, N.3 

“ Windolite " Fine wire mesh coated with 36 in. wide 4s. 6d Messrs. Windolite, Limited, 

film of cellulose acetate. Harlow, Essex. 
Opaque Materials 

“ Bennieflex ”’ Wire mesh combined with 36 in. and 38. Messrs. Bennie Lifts, Limi- 

bituminous sheeting. 72 in. wide. ted, 2, Tinworth-street, 
} Albert Embankment, Lon- 
don, 8.E.11 

“ Durasteel " Flat or corrugated asbestos- | Flat, 4 in., | 30 in. wide by 9s. to 168. Messrs Durasteel Roofs 
cement with metal rein- |} in. and gin.) 6 ft. and 8 ft. Limited, Oldfield-lane, 
forcement Corrugated | long. Greenford, Middlesex. 

27 in. wide, up 6s. Od 
to 8 ft. long. 

Kimoloboard "  Fire-resisting board of as- ¢ in 2s. 7d. to 2s. 10d Messrs. Cellactite and British 
bestos and diatomaceous Uralite, Limited, Higham, 
earth Kent 

Sisalkraft 6-ply fibre and bituminous 4d. Messrs. J. H. Sankey and 
yuilding sheet Son, Limited, Aldwych 

House, Aldwych, London, 
W.C.2. 

“ Steelbestos ” Combination of steel and 30 in. wide by 68. Messrs. Asbestos Develop- 

asbestos; rather flexible 6 ft. and 8 ft ments, Limited, Grove 
long Works, Grove-lane, Smeth- 
wick, Staffs. 

* Turnall ” Asbestos-wood fire-resisting * in 38. 8d. Messrs. Turners Asbestus 
board. + io Cement Company, Limi- 

ted, Trafford Park, Man- 
chester, 17. 
enough for the material to adhere firmly. Where | tion is required, opaque. Most translucent substitutes 


adhesion is likely to be poor, internal wire mesh screens 


should be used, or the glass removed. Liquid coatings | 


and paper strip are not recommended for plate glass. 

The safest plan is to remove plate glass, if necessary 
substituting translucent or opaque materials. Much 
glass in interior partitions, show cases, fanlights over 
doors, etc., can be dispensed with, at least in war time. 
Che use of substitutes for glass should be considered in 
undertaking repairs. Materials having a transparency 
approaching that of glass are difficult to obtain owing 
to the demands of aircraft production. In undertaking 
repairs, if the opening is bricked up, or otherwise closed, 
leaving a glazed aperture about 4 ft. by 2 ft., this will 
usually allow inspection of the display space from the 
street. The aperture may be glazed with a transparent 
glass substitute, if obtainable, or by plate glass 
protected inside with wire mesh. 

The breaking of glass and the violent scattering of 
its fragments under the blast of high-explosive bombs 





are at present made of synthetic resins or cellulose 
substitutes, reinforced with metal or textile mesh. 
Alternatively, cotton or linen textiles may be used ; 
these are not ordinarily windproof or rainproof, but 
may be obtained suitably treated with cellulose lacquer 
or with boiled linseed oil, or, alternatively, may be 
treated at the window opening. 

The desirable qualities in translucent glass substi- 
tutes are:—(1l) Reasonable Translucency.—Materials 
having a transparency and light-transmission approach- 
|ing that of glass are expensive and difficult to obtain. 
The majority of the cheaper translucent materials 


* A.R.P. Memorandum No. 12. The Protection of 
Windows in Commercial and Industrial Buildings. H.M 
Stationery Office, price 4d.; Your Home as an Air Raid 
Shelter. H.M. Stationery Office, price 3d.; R. and E 
Bulletin C.4, The Protection of Glass in Hospitals, R. aud 

' £. Bulletin, C.7, The Protection of Factory Glazing. 
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transmit less light than glass and interfere in some | LABOUR NOTES 
degree with clear vision. (2) Weatherproofness.—The | 
material should not be porous or it will become soaked | AN editorial note in Man and Metal, the journal of | 
with rain and is also likely to admit wind enough to | the Iron and Steel Trades Confederation, deals with | 
make interiors uncomfortable in cold weather. Atten- | the subject of air-raid warnings. ‘ That there is room 
tion should be paid where necessary to the sealing of | for improvement,” the writer says, “in the system of 
the edges of the material. (3) Life-——The material | Warnings, no one can gainsay, and discussions are con- 
should not lose its light-transmission value, suffer from | tinually taking place with the defence authorities to 
crazing or become brittle too readily. (4) Resistance.— | see in the light of experience how they can be improved 
The material, while standing up to wind pressures, | to meet the present phase of intensified air war. But 
should be capable of being dislodged by blast so that | let us make no mistake about it; the object of an 
it can be readily replaced. The weaker materials | improvement will not be to enable us to spend more 
should not be used in large unsupported areas. On| time in our shelters, but less, and, at the same time 
such areas a stiffer material is desirable, or the opening | to lessen the danger to life and limb. No system of 
should be sub-divided by wooden bars. (5) Inflam- | warnings can, by the very nature of things, be infallible. 
mability—Most glass substitutes are combustible. In| The chances are the bomber will unexpectedly get 
the majority of buildings, a slow-burning material would | through, let our defences be as strong as they may ; 
not be very dangerous. | they have done their job successfully when the main 

Only the stiffer materials, i.e., those reinforced with | attack is broken up. If we as civilians do our job as 
metal mesh, are likely to be suitable for use in roof-| well as they are doing theirs, we shall have stood our 
glazing bars. They should probably be supported | corner, and by our steadfastness, played a tremendous 
below, at 2 ft. intervals, as récommended for roof glass | part not only in the Battle for Britain, but in that 
in R. and E. Department Bulletin C.7. No tests have | larger battle for the maintenance of the decent things 
yet been carried out. Preliminary blast tests show | that make life worth while on this earth. Our own 
that, if flexible glass substitutes are fixed with nails| members at their mills and furnaces have their own 





or staples, the material, when displaced, is usually torn | special parts to play because only by their efforts can 
at the edges. Also, where edge fixing is too strong, | the means of victory be placed in the hands of our sons 
the material may be burst in the centre. The following | and brothers.” 
methods of fixing are accordingly being tested :— | 
(a) In steel windows, a soft non-setting putty or mastic,| Ina message to munitions workers which is described 
preferably one that can be scraped off and re-used.|as an ‘‘ Order of the Day,” Mr. Herbert Morrison, 
(b) In steel and wood windows, fastening of the edges | Minister of Supply, says :—‘* You are front line fighters 
with adhesive tape. (c) In wood windows, fixing by | in the battle for freedom. While the Nazi barbarians 
ordinary wood glazing beads in the glass rebates, care | rain down their bombs on our people yours is the proud 
being taken that the material is not bent round the/| task of counter-attack. Alone among the troops of 
beads. (d) In wood windows, fixing on the face of the | our civilian army, you can do more than suffer and 
frame by plasterer’s lath or similar wood strip, care | endure in grim patience—you can hit back. You are 
being taken that the nails or tacks used to secure the | the men and women of whom Hitler is afraid, for your 
laths do not perforate the edge of the material. (e) In| hands are forging the weapons of victory. Every hour 
steel and wood windows, holding of the edges of the | of working time that he can keep you idle is a gain to 
material in strip-rubber channelling (similar to that him ; every hour that you can defy his bombers and 
used on car windscreens), the rubber strip being either | remain at your posts is one more blow struck in defence 
tacked to the wood frame or bedded in hard-setting of your homes and families—one more step towards 
putty to either wood or steel frames. victory. That is why the whole nation welcomes the 
Where permanent obscuration is required, the | new policy of working on after air-raid warnings until 
following materials can be used :—(1) Roof Glazing.— | danger is imminent. Within a few days, the arms 
Galvanised flat sheet steel, composite sheets of asbestos | industry of the country will have adopted it. This is 
and steel, or hard wallboards. These will stand up| a victory for courage and commonsense alike. Stand 
to blast pressures considerably greater than those that | to your jobs, then, men and women of the arms indus- 
fracture roof glass, and, when displaced, they can/try. You provide the best of all protection for your 
usually be replaced undamaged. They can be fixed | families, Victory will crown your efforts.” 
in the same way as roof glass. Thinner and more| 


flexible opaque materials, such as combinations of | 
wire mesh and bituminous sheeting, soft wallboards,| On Wednesday last week, the National Arbitration 
etc., probably require support beneath, as recom- | Tribunal heard the claims of the Bank Officers’ Guild 
mended in R. and E. Department Bulletin C. 7. | against two banks—the Midland Bank and the National 
Experiments have shown that flat asbestos-cement | Provincial Bank. The applications were for a cost of 
sheeting, including the newer flexible type, is readily | living sliding scale of wage increases for all employees, | 
fractured by blast, though, when fractured, it is not | and recognition of the Guild. Counsel for the Midland 
so dangerous as glass. Wallboards require protection | Bank stated that the Guild had only 2,450 members 
against weather. of the staff as members, whereas the membership of 
(2) Vertical Glazing.—The materials described as| the Bank’s staff association was about 11,000 out of a 
suitable for roof glazing can also be used in windows. | total of 13,700. The staff association was, he added, 
In addition, bituminous sheeting, plywood and plaster | an independent, self-supporting and purely voluntary 
board can be used. The two latter should be painted | organisation, and the management had never brought 
on the face and on the edges to prevent moisture from | pressure on any employee to join it. Nor had it ever 
soaking in. A plaster board faced with bituminous | tried to discourage members from joining the Guild. 
sheet is obtainable. As with translucent materials, | Evidence submitted on behalf of the Guild denied that 
firm fixing—as, for instance, by nailing—is undesirable. | pressure had not been brought on members to join 
Similar fixings to those recommended for translucent | the staff association. ‘‘ The force behind the internal 
materials are suggested. The use of existing internal | association,” one witness said, “‘ was undoubtedly the 
light-weight screens, as recommended in A.R.P.| management of the bank.” 
Memorandum No. 12, should not be overlooked. 




















If | 











these are painted on the face and edges, reasonable | 
weather protection will be obtained. 

The list in the Table on the opposite page gives some | affecting the wool-combing and wool textile industries | 
—— etc., = —e —— ~ — not — | of Yorkshire and Lancashire, workers a —— 
t m nsive, however, and the inclusi i ir rai vill iv ti ti t | 
nett 9 the list ious not imply any guuhaten of thn ae pr teas se y > ae ah eee per de “= the | 
reliability of the prices or of the availability of the | time before or after their ordinary shifts. The award | 
—., cau sion illness i states = ———- = be = when gm 

addition to the glass named in the | prevented from working by air raids or warnings, lose 
foregoing list, various impregnated fabrics are made | aan of their regular meal times, or, where no air-raid 
by Messrs. M. Barr and Company, Limited, 28, Miller-| shelter is provided, and work is suspended, they go 
street, Glasgow, C.1 (in three qualities, all 36 in. wide, | home or outside the factory, returning as soon as 
costing 1s. ld., ls. 5d., and Is. 8d. per square yard, | practicable after the “ All Clear.” Payment at full 
respectively); Messrs. Horrockses Crewdson and | rates will be for not more than an aggregate of two 
Company, Limited, Yard Works, Preston (37 in. wide, | hours on a full day or night shift, and not more than 
ow ld. ay — a ; Manne Page ain pr | eight hours in a week. For ~~ lost in excess of that, 

abrics, Limited, -19, Cavendish-place, ndon, | payment will be at half the ordinary rates. 

W.1; and Messrs. Winterbottom Book Cloth Company, | ie 4 
Limited, 60, Wilson-street, Finsbury, London, E.C.2. | ‘ 
An oil cotton fabric, 36 in. wide, is made in four These payments, the award continues, will be made 
qualities by Messrs. Edward Macbean and Company, | only to workers who, if required, during the same week 
Limited, Wellington Mills, Port Dundas, Glasgow, | or the week following, make up the time lost by working 


Under a ruling of the National Arbitration Tribunal | 
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The chairman of the Tribunal adds that circumstances 


may change so that a revision of the awards will become 
necessary. 


A claim was submitted to the Tribunal by the Union 
of Shop Assistants, Warehousemen and Clerks that a 
multiple firm of retailers should operate, by agreement 
with the union, the rates of remuneration and the war 
bonus provided for in the agreement between the union 
and the Multiple Shops Federation (Boot Trade 
Section). In its award, the Tribunal states that the 
claim had not beén established. 


At a meeting of the executive of the Mineworkers’ 
Federation of Great Britain it was announced that 
under the cost of living agreement, which provides for 
a quarterly review in the light of changes in the index 
figure of the Ministry of Labour and National Service, 
adult miners are to receive, as from October 1, an 
increase of 5d, a day and boys an increase of 24d, a day. 
Before these additions, the war wage addition was Ls, 5d. 
a shift for men. 





Representatives of the Shipbuilding Employers’ 
Federation and representatives of the Confederation of 
Shipbuilding and Engineering Unions met in conference 
at Carlisle for the purpose of considering the men’s 
claim for a general increase of wages. Mr. Stephenson, 
president of the Confederation, presented the union’s 
case. In reply, Mr. Henry Main, president of the 
Employers’ Federation, stated that the application 
would be referred for consideration to the Federation's 
constituent associations, 





Mr. R. Assheton, Parliamentary Secretary to the 
Ministry of Labour and National Service, and chair- 
man of the Works and Building Priority Committee, 
announced last week that civil building is to be con- 
trolled by the Government under a scheme which will 
come into force on October 7. It will be operated by 
the Commissioners of Works, and licensing officers have 
been appointed in each of the 12 regional areas. The 
regulations will forbid, with certain exceptions, any 
private building or construction operations which have 
not been licensed or authorised. Exceptions for which 
licenses are not necessary are operations undertaken 
by a Government Department, operations paid for in 
whole or in part by the Government, operations costing 
less than 500/., and works of maintenance, running 
repairs or decorations. Local authorities will in no 
case require a licence, but they will need an authorisa- 
tion for new works from the appropriate department. 
Anyone carrying out building or civil engineering work 
not covered by the exceptions must get a licence to 
continue. a eeent 

The Monthly Review of the American Department of 
Labour states that the regulations of the Wage and 
Hours Division relating to record keeping by employers 
under the Fair Labour Standards Act have been 
amended by an Order designed to lessen the burden on 
employers of maintaining two records for each employee 
at all times. According to the terms of the previous 
regulations, employers were required to keep records 
showing the age, hours worked, wages paid, etc., for 
each employee at a central record-keeping office as 
well as an abbreviated statement at the place of 
employment. The abbreviated record is dispensed 
with under the new regulations, on condition that the 
required records are produced at the place of employ- 
ment, in every instance, within 72 hours following 
notice from an inspector acting under the wage and 
hour law. In making this modification, the Adminis- 
trator’s policy is being followed of easing technical 
requirements whenever possible without jeopardising 
the rights of the employees involved or unreasonably 
increasing or delaying the work of the inspectors and 
field force engaged in administering the legislation. 
State laws on record keeping are not affected by these 
regulations. 





In recent months the Employment Service of Canada 
has been conducting in the various Provinces a civilian 
registration of experienced skilled and semi-skilled 
workers who would seem to be qualified for industrial 
employment in connection with the production of war 
materials. At the close of March, 1940, approximately 
27,000 skilled and semi-skilled workers, including 1,200 
women, had been registered. Of the total number of 
men and women, 4,700 were employed at the time 
they were registered. Of the 22,300 reported as 
unemployed when they registered, 20,750 were des- 
cribed as fully employable and 1,550 as partially 





C.4; and fabrics impregnated with lacquer, by Messrs. 
Jenson and Nicholson, Limited, Jenson House, Strat- 
ford, London, E.15. 
reinforced with glass silk is supplied by 
Clark and Eaton, Scoresby House, Glasshill-street, 
London, 8.E.1. 


| not more than two hours before or after the ordinary 
shifts up to a maximum of eight hours in a week, but 


in any case not exceeding the full normal hours worked | 





employable. According to the Canadian Labour Gazette 
of April, 1940, the registration was still being carried 


A material consisting of a plastic | 
essrs. James | 


in a week. Full rates will be paid for these extra hours. | on, but some persons who had made special applications 
| Should the workers decline to make up the time, they | with the employment offices had been placed in 
| will receive no compensatory payments for time lost, | employment. 





27% 
NOTES ON NEW BOOKS. 
The Disposal of Sewage. By T. H. P. Veat, B.Sc. 
Second edition. London: Chapman and Hall, 


[Price 10s. 6d. net. } 

Tue first edition of this book appeared in 1927, since 
when there have been considerable developments in 
sewage disposal, notably in the extended use of the 
activated-sludge process agd in sludge digestion. These 
have been suitably recognised in the revision of the 
text, which now provides an adequate survey of the 
latest methods and their practical application in the 
cases of a number of important plants, including those 
of the West Middlesex main drainage system at 
Mogden, the Coleshill works, outside Birmingham, the 
Coisley Hill works of the city of Sheffield, and the 
aeration plant at Hertford. An introductory chapter 
briefly summarises the historical development of 
systematised sewage treatment and disposal since the 
first Royal Commission on Sewage Disposal issued their 
first report in 1858. Consideration is also given to the | 
question of sewage disposal in rural districts. The 
author, who is lecturer in civil engineering at the 
University of Birmingham, has planned his treatment 
largely with a view to the requirements of students, 
but has included sufficient up-to-date constructional 
and operating data to commend the book also to 
sanitary inspectors and others concerned with the 
practical aspects of the subject. 


Limited. 


The Sirhowy Valley and Its Railways, By DS. BaARRIE | 
and CHarLes EE, Leer. London: The Railway 
Publishing Company, Limited. [Price 38. 6d.] | 

AN incidental result of the renewed campaign for the | 

collection of scrap metal, recently inaugurated by the | 

Ministry of Supply, will probably be the disappearance | 

of many more of the remaining relics of early railways | 

and tramroads, still to found in various corners | 
of the country. Future students of railway history, 
therefore—and their numbers seem to be increasing 
rather than otherwise—are likely to owe a growing 
debt of gratitude to such patient investigators as the 


be 


joint authors of this book, whose researches are a 
model of what such records should be. The lines 
which served the Sirhowy valley were the Sirhowy 


tramroad, Hall's tramroad (later known as the Aber- 
carn Railway), and the Penllwyn line, all dating from 
the very early days of rail transport ; and the Rumney 
Railway, which, although relatively modern, 
has now more than a century of useful life to its credit, | 
The Sirhowy lines are of particular interest, in that | 


| 


| 


more 


they were intended to be used by wagons capable of 
being employed upon ordinary highways and, for that 


reason, were laid with plate rails. The book, which 
is very fully documented, consists in the main of a 
series of articles which appeared in The Railway 


Magazine in 1939 and the first half of the present year ; 
but these have been supplemented by additional details, 
brought to light since the publication of the original 
articles, and by some further illustrations, portraying 
recent scenes on the lines, the greater part of which 
is still in active use. 


Electrical Measurements By H 
E H. W BANNER. London 
Limited. | Price 7s. 6d. net.) 


Coppen TURNER and 
Chapman and Hall, 


Tuts book is described as a cheaper edition of a work 
It 


for those engineers and others who 


which was published some four years ago 
primarily written 
are concerned with the application of electrical mea 
but 
suc h 


was 


not 
mathematical 


suring devices to specific who do 
require a text-book involving 
theories of Operation are essential to the student 
and research worker.” Actually, it is reprint of 
the earlier book, except that a table of corrigenda is 
included, which amends the dates of British 
Standard specifications and supersedes one diagram 
The price is reduced to one-half. but the 
book suffers greatly from the 
bibliography. This of 

when dealing with the subject of electrical measure- 


purposes, 


as 


a 
certain 


for another, 
absence of a complete 


is considerable importance 
ments as so much detailed information is continually 
being published in the proceedings of scientific societies 
and in the technical journals It would, therefore, 


have been an advantage if in preparing this reprint 


references to at least the most important current 
literature could have been included. The first part 
deals with units and standards, while the second 


comprises a description of instruments which is fairly 
good and complete. The rest, however, hardly reac hes 
this high standard, for in the third part, which deals 
with the measurement of electrical quantities, electricity 
meters and the measurement of energy are hardly 
mentioned. The fourth part is devoted to the measure- 
ment of temperature, light, speed and numerous indus- 
trial applications met with in boiler house, cable, X-ray 
work and testing of various kinds. With such a wide 
inevitable that the treatment should 


it 
unequal, 


scope, is be 


ENGINEERING. 
THE EVAPORATION OF WATER 
FROM SATURATED SURFACES.* 

By R. W. Powett, Ph.D. 
(Concluded from page 239.) 


Very similar results were obtained at wind speeds 
of 180 cm. and 480 cm. per second and those for the 


higher speed are shown in Fig. 8, on this page,\where the | 


rate of total evaporation per second per unit vapour 
pressure difference is plotted against the angle between 
the plane of the surface and the direction of the air- 
stream. 
the wet surface faces the wind and the solid lines to 
that in which the wetted surface faces downstream. 


A considerable increase in the rate of evaporation is | 





The dotted lines relate to the condition where | 


OcT. 4, 1940. 


| therefore cooled by the evaporation, the rate of 
evaporation from a disc 9-9 cm. in diameter, mounted 
in the centre of a plane surface 30 cm. square, was 
greater when the wet disc was on the under surface 
| of the plane than when it was on the upper surface. 
With the wet surface uppermost, the air currents 
descend normally towards the disc’s centre, and then 
spread out radially along the plane surface. With 
the wet surface on the under side of the plane, the air 
| flows in radially along the under surface and is unhin- 
| dered in its tendency to fall from a considerable area 
of the surface. This probably explains why, for this 
position, the rate of evaporation was more nearly 
proportional to the area of the disc than when it was 
on the upper surfaces of the plane. At still higher 
temperatures there is a higher rate of evaporation 





observed for this latter condition at an angle of inclina- | from the disc when on the upper surface of the plane 


tion which increases from about 10 deg. for the 3-9-cm. 
surface to about 40 deg. for the 26-7-cm. surface. For 
the optimum settings the rates of evaporation are, 
roughly, 10, 40, 60 and 65 per cent. greater than the 
values obtained with the surfaces facing the air-stream, 
the increase in rate increasing with the size of surface. 

In a few instances the ends of the wind tunnel and 
all other openings have been closed and determinations 
made of the “ still-air ’ or natural rate of evaporation 
from a wet surface. In actual fact, the air was by no 
means still in these experiments but had a downward 
velocity due to differences in density brought about by 


Fig.8 


I = 26-7 Cm. 















E(Gm per Sec. Mm of Hg) 
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the variations in temperature and concentration of 
vapour in the neighbourhood of the evaporating surface. 
Making the assumption that, for experiments under 


| than when on the under surface. 
In the earlier paper it was proved experimentally 
| that the rate of evaporation from a free water surface 
| differed inappreciably from that from a saturated 
linen surface. The present results have shown that 
it makes but little difference whether the absorbing 
surface is of linen, filter paper or vellum. Dé6rfell and 
Lettau reached the conclusion that capillary action 
vaused the vapour pressure over the surface of wet 
| filter paper to be less than over a free water surface 
at the same temperature. Such an effect, if it proved 
to be real, would have an important bearing on psychro- 


_, Fig.9. 
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| metric measurements, for the bulb of the wet thermo- 
| meter is invariably covered with a porous linen sheath, 
and the value obtained for the relative humidity is 
proportional to the difference between the effective 
| vapour pressures of the wetted surface and of the 
incident air-stream. 

To test this point further, comparative readings have 
been made of the wet-bulb temperatures of thermo- 








similar conditions, the rate of evaporation from such | meters covered with (a) a free water surface ; (b) water 
an unheated wet surface can be taken as proportional | retained by linen; (c) water retained by filter paper ; 


to (Py 


Pa). the results show the rate of natural | (d) water retained by gelatine. The free water surface 


evaporation from a spherical surface to be proportional | was obtained by etching the thermometer bulb to 


to d'55, and from unit length of a horizontal cylinder 
to be proportional to d*5*, Other experiments have 
shown the rate of natural evaporation from unheated 
dises on the upper surface of a plane to be proportional 
to d**, and that from a disc on the under surface to be 
proportional to d'*, 

As the temperature of the surface is increased, the 
rate of natural evaporation ceases to be even approxi- 
mately proportional to (p, Pa). First comes an 
indefinite region when the convection current is 
about to change from a downward to an upward 
direction. This occurs when the surface temperature 


is a degree or so below the temperature of the enclo- | 


sure,t but its exact location depends on the tempera- 
ture and relative humidity. As the temperature of the 
surface is further raised, the rate of natural evaporation 
becomes proportional to (p> Pa)", where n is greater 
than unity (as in the corresponding case of heat con- 
vection). In one set of experiments with a horizontal 
cylinder heated to temperatures a few degrees above 
the surroundings, n was found to have a value of 
about 1-15. 

The rate of natural evaporation from a plane surface 
depends on its location as well as on its temperature 
relative to the surroundings. When unheated, and 


* Paper read before the Institution of Chemical 


| encourage the water to spread over its surface, and 
| arranging a few vertical threads of cotton around the 
| bulb to retain a sufficient supply of water. All four 
observed wet-bulb temperatures were found to agree 
to within the accuracy with which the thermometers 
|eould be read. These tests showed conclusively that 
| the vapour pressure at the surface of moistened filter 
| paper and similar materials does not differ to any 
appreciable extent from that of a free water surface 
at the same temperature. 

In Fig. 9, on this page, the rate of evaporation pro 
duced by an air speed of 200 cm. per second, for the 
various types of surfaces included in the foregoing in- 
| vestigation, is expressed as the loss in weight e per unit 
| area of surface and is plotted against the variable length 
| parameter of the particular type of surface. This 
| representation of the results shows clearly that the 

rate of evaporation per unit area tends to assume 
|a commorr value for surfaces of large area, and for all 
types of surfaces increases rapidly as the area of the 
surface is decreased. This emphasises the need for 
ascertaining the size of a test surface before results 
expressed as a rate per unit area are applied to a 
surface of totally different size. The figure also shows 
that, for a surface of specified area, the highest rate of 
evaporation is obtained when the surface is spherical, 
a known result of which advantage is taken in various 


| 
| 
| 


Engineers, London, on Friday, March 8, 1940. Abridged. | spray-drying processes and in spray-humidifiers. 


t R. W. Powell, Phil. Mag., vol. 29, page 274 (1940). 





In the past, greater attention has been devoted to 
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the case in which the air-stream passes tangentially | average results of Banerji and Wadia,* for square, 2-in. deep edge of the pan might account for the 
over a plane surface, than to that in which it is inci- | pans of 91-4, 61 and 38 em. side, and data obtained | marked difference between the two sets of results. 
dent in a direction at right angles to the surface. Amore recently by Lurie and Michailoff,+ Millar,t and To ascertain whether such was the case, a series of 
result of Carrier’s* is frequently quoted, however, | Shepherd, Hadlock and Brewer.§ Lurie and Michai- | tests has been made on a pan of the same dimensions 
which indicated th: rate of evaporation in the latter | loff’s values are seen to lie from 12 per cent. to 23 per | as that used by Shepherd, Hadlock and Brewer. The 
case to be about twice as great as when an air-stream | cent. above the curve representing the results of the | saturated surface was again a sheet of blotting paper 


of the same velocity passed tangentially over the | present investigation. mounted on a metal plate, which rested flush with the 
surface. The present experiments suggest that Car-| The data obtained by Millar are in closer agreement | surface of the, pan, and was attached to a balance to 


rier’s result must have been obtained for quite a small | with the present results. He used two sizes of pan, enable the loss in weight to be determined. The 
surface, and demonstrate the inadvisability of making | set flush with the floor of a wind tunnel. The larger | results obtained are also included in Fig. 11, a dotted 
generalisations from data furnished by experiments | was 25-4 cm. across-wind and 50-8 cm. down-wind, | curve being drawn through the six experimental points, 
on one size of surface only. The results given in Fiz. 6, | and the smaller was 12-0 cm. by 11-8 cm. The data This curve is seen to lie some 40 per cent. to 50 per cent. 
page 239, ante, are in good agreement with data pub- | reproduced in Fig. 11 are from Table I of Millar’s paper, | above that for the plane surface fitted, with the stream- 
lished by Kamei, Mizuno and Shiomi,t for the rate of | which gives the weight of water evaporated in unit | lined nose. It still remains below the results of Shep- 
evaporation from one face of a slab of clay under | time per unit area for unit difference in vapour concen- | herd, Hadlock and Brewer’s experiments, but the 
conditions where ul had a value of 2,000. These} tration at wind velocities ranging from 170 cm. to| present experiment serves to show that much of the 
workers found the rates of drying from a saturated | 431 cm. per second for the larger pan and from 89 cm. | discrepancy can be attributed to the disturbing 
surface for the facing, tangential and reversed positions | to 890 cm. per second. for the smaller. It has been | influence of the pan edge on the local air conditions. 
to be in the ratio of 1-0 : 0-92: 0-76, compared with | assumed, when converting to the units employed in| The surfaces included in the foregoing sections can 
1-0: 0-90 : 0-77 as given in Fig. 6. | Fig. 11, that the difference in vapour concentration is | be roughly divided into two groups, involving essentially 
Quite recently, Molstad, Farevaag and Farrell? have | equal to the difference in vapour pressure. The most | different types of air-flow. Group I, for which the drag 
determined the rate of evaporation from free water | recent data considered are derived from Table II of a| arises almost entirely from skin friction associated with 
surfaces ranging in diameter from 7-5 cm. to 21-0 cm. | paper by Shepherd, Hadlock and Brewer, who carried | the boundary-layer flow, includes the circular cylinder 
when exposed to a perpendicular air-stream. In | out their experiments on water contained in a pan 12 in. | with its axis parallel to the direction of the stream, 
Fig. 10, above, a comparison is made between these square and 2 in. deep. These rates of evaporation | and the plane surfaces aligned in the direction of the 
results and those of the present author for the rate | are seen to be about twice as great as those of the present | stream. Group II, for which the drag arises chiefly 
of evaporation from circular dises when facing the | investigation ; indeed, the method of plotting adopted | from normal pressures, and particularly from those 
air-stream. Their data, when converted to give|shows them to be much the highest results obtained | on a back surface in the region of dead air, includes the 
: _ | for the evaporation of water from a plane surface. sphere, circular cylinder with axis transverse to the 
(Pu Pa) and plotted against ud, are seen to be in Shepherd, Hadlock and Brewer, in commenting on | air-stream, and planes normal and inclined to the 
Rein « the lower results obtained by Powell and Griffiths, | stream. The members of Group I are low-drag bodies, 
satisfactory agreement with the curve. The results | sought to find an explanation in the fact, so they | while those of Group II are high-drag bodies, An 
for the evaporation from a plane water surface to 4 | asserted, that the former experiments were carried | important and rather surprising conclusion can be 
tangential stream of re due to Thiesenhusen,§ | out with the temperature of the water surface above | drawn from the foregoing results, namely, that the 
“a her,|| Hine.¢ and FitzGerald,** which were Sven | that of the air. Actually, the tests were made with | rate of evaporation per unit area of surface does not 
in Table IT of the earlier popes, are Bow plotted dimen- | the water surface at temperatures both above and | appear to depend appreciably on the type of flow. 
sionlessly in Fig. 11. This figure also contains the | below that of the incident air-stream. In view of | Fage and Falkner,* in their study of the heat transfer 
| the manner in which the rate of evaporation from a | from a cylinder set at right angles to the wind, com- 
* W. H. Carrier, J. Amer. Soc. Heating and Ventilating plane surface has been found so be increased by the mented on the relatively — meet a oe ee 
Enors., vol. 24, page 240 (1918). presence of a small projecting ridge situated near and | back of the cylinder where the air is practically motion- 
+ S. Kamei, S. Mizuno and S. Shiomi, J. Soc. Chem. parallel to the leading edge, it was considered that | less. The present work shows that high rates of 
Ind., Japan, vol. 38, page 460-3B (1935). variations in the nature of the air-flow induced by the | evaporation are also obtained in this region. 
: - | Since the differential equations for the transfer 


~ M. C. Molstad, P. Farevaag and J. A. Farrell, Ind. wa ; } ? » - . 
Eng. Chem., vol. 30, page 1131 (1938). * s. K. Banerji and H. M. Wadia, Memoirs of the of mass to or from a surface by the process of conden- 


ed 





: Bang wn : . sieiien ts : . 

§ H. Thiesenhusen, Gesundh. Ing., vol. 53, page 113 | Indian Meteorological Dept., vol. 25, Pt. 9, page 291 (1932). | sation or evaporation are SE to those for the 

; : “ges ; . . oy gg | transfer of heat by convection, it should be possible 

(1930). | + M. Lurie and N. Michailoff, Ind. Eng. Chem., vol. 28, | . ’ 

. , © . . . , ag ' | to derive results for one process from those of the other. 

C. Rowher, U.S. Dept. Agriculture Tech. Bull., No. | page 345 (1936). Thi nect of the problem has been discussed by a 
271, December, 1931. t F. G@. Millar, Canadian Meteorological Memoirs, | 1 is aepect © ep : y 

© T. B. Hine, Phys. Rev., vol. 24, page 79 (1924). vol. 1, No. 2, page 43 (1937). : 7 open eee | 


C. Brewer, Ina. | * A. Fage and V. M. Falkner, Aeronautical Research 
| 


** D. FitzGerald, Trans. Amer. Soc. Civil Engrs.,| § C. B. Shepherd, C. Hadlock and R. 
| Committee, R. and M., No. 1408 (1931). 


vol. 15, page 581 (1886). ' Eng. Chem., vol. 30, page 388 (1938). 
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number of investigators. Hilpert* carried out some 
a small vertical plate suspended in 
an enclosure, ement with 
Schmidt’st dimensional analysis of the two processes. 
If « and £8 are the coefficients of heat transfer by 
convection and mass transfer, respectively, 
the equations Q “2 A(T r,) and M 

(where Q is the heat transfer from a surfac 
at tem yx rature T, to at 
is the corresponding transfer, c, and cy, being 
the vapour concentrations at the surface and in th 
air » distance), Schmidt obtained the relation 


(=) 
x 2 ( 
r pP/ i 


BC, k sadn. 
thermal conductivity, specific heat, and density of ai 

and & is the coefficient of diffusion of water vapour into 
The mean result of Hilpert’s experiments gave 


experiments on 


and obtained results in agri 


1s given by 
BA (€s — Cy 
of area A 
temperature T,, M 


air and 


mass 


and p are, respectively, the 


air. 


4 
calculated 


0-92, which agrees well with the 
yf j 

a 
value of =e 


A semi-empirical dimensionless method of 
lating heat and mass transfer data was suggested by 
Chilton and Colburn.t Adopting the notation used 
by the workers, the method rests on the assumption 


. = j Cc 
that the “ heat transfer factor ( i) ( {)’ and the 
ii) 1 
f/f 


M 
pe | . . 
( , ire identical functions of the Reynolds number 


corre 


corresponding ‘“ mass transfer factor” K pas ( 


== In these expressions, A is the film coefficient of 
7m 
heat transfer, ¢ the heat at 
G the mass velocity, the viscosity, k the thermal con 
ductivity, K the molar mass transfer coefficient, P, 
the logarithmic mean partial pressure of the 
component in the film, M the mean molecular weight, 
p the ka the diffusion 


self-consistent set of units being used. 


specific constant pressure, 


inert 


coefficient, ar 
On the 


density, and ry 


basis of 


McAdam’s correlation of existing heat-transfer data 
from cylinders to a transverse air-stream, Chilton and 


h\| 
C/I 


c p\t DG 
i against , and suggest that this curve can be 
: 1 


Colburn have plotted the best mean curve for j ( 
| 


used for deriving data for mass transfer; it had been 
shown previously by Colburn that j tf, where f is | 
the friction factor. Chilton and Colburn’s curve for | 
transverse flow across a cylinder is reproduced in | 
Fig. 12, page 279, and points derived from Figs. 2 
and 3 of the present paper, page 238, ante, are plotted 
in the figure. The agreement to be 
reasonably for values of Reynolds number 
ranging from 100 to 10,000, beyond which the present 
experiments tend to give higher values, 

Fig. 13, page 279, shows a similar comparison for the 
plane surface subjected to a tangential wind-stream. 
The ringed points are taken from Figs. | and 4 of the 
present paper, and indicated by from 
Fig. 6. The latter are seen to give the closer agree- 
ment with Chilton and Colburn’s curve, which is not 
surprising, since this curve is based on results obtained 
in the absence of any streamlining nose such as that 
employed in the experiments represented in Figs. 1 
and 4, which must, to some extent, increase the value 
of the Reynolds Allowance for this would 
shift the ringed points to the right 


same 38 seen 


close 


CTOSSe8 


those 


number 








IMMERSION THERMOCOUPLES FOR CAST IRON and Non 
Ferrous METAL ALLOYS An account in a 
recent contribution by Mr. F. Holtby, to the 7'ransactions 
of the Foundrymen’s Association, 
of experiments 
platinum /rhodium and tungsten-graphite thermocouples 
for the of melts of cast 
rhe results obtained with the tungsten-graphite immer 
sion-type four«d to be 
Measurements could 


given, 


American of a series 


with optical pyrometers, platinum 


determining temperatures iron 


couple were satisfactory 


of temperatu.* 


very 
bn 
rapidly than when 
and the 


than 


made up to at 


100 dew. F. (1.815 deg. C.) more 
ted platinum-type couple, 
the m.f. i 


commercial couple 


least 
cost 
that 
negligible 


using a protec is 
More 


other 


les over, thermal e higher 


of 
cold-junction correction, and the size of the instrument 


any having a 


can be made smaller than that of other high-temperature 


couples. Further, a tungsten-graphite couple in an 


tube has been found satis- 
of bronze 


uncoated graphite protecting 
factory for 
aluminium 


measuring the temperatures and 


melts 


* R. Hilpert, Forschungsheft, No. 355 (1932). 


R 
* E. Schmidt, Gesundh. Ing., vol. 52, page 525 (1929). 
: T. H. Chilton and A. P. Colburn, Ind. Eng. Chem., 
1183 (1934) 
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PATENT RECORD. 


OF SPECIFICATIONS RECENTLY 
NDER THE ACTS OF 1907 TO 1939. 


ABSTRACTS 
PUBLISHED | 
The number of views given in the 

is stated in each 

Specification is not illustrated. 

Where inventions are communicated from abroad, the 
Vames, etc., of the communicators are given in italics. 
Copies of Specifications may be obtained at the Patent 

Office Sales Branch, 25, Southampton Buildings, 

Chancery-lane, London, W.C.2, price 18. each. 
The date of the advertisement of the acceptance of a 

Complete Specification in each case, given after the 

abstract, the Patent has been sealed, when the 

word “* Sealed ’’ is appended. 
iny person may, at any time within two months from the 
date of the advertisement of the acceptance of a Complete 

Specification, give notice at the Patent Office of 

opposition to the grant of a Patent on any of the 

grounds mentioned in the Acts. 


Specification Drawings 
none mentioned, the 


case; chere is 


is, 


unless 


FURNACE APPARATUS. 


522,694. Furnace Front. James Howden and Com- 
pany, Limited, of Glasgow, and W. Nelson, of Glasgow, and 
Wallsend Slipway and Engineering Company, Limited, of 
Walisend-on-Tyne. (5 Figs.) December 13, 1938.—The 
forces front to permit 
oil and or provides for 
the air The front 
a central firing opening 11 and the usual 
rhe 
oil burner is provided with a pair of valve-controlled air- 
inlet ports rhe of 
the butterfly by furnace 
front. 
director 


1 


d-draught furnace 
fuel, 


passages. 


invention 1 a 


firing with solid and less 


restriction in inlet furnace 


tructure ha 
whpit opening 14 chamber 15 accommodating the 
valves are 
the 


In the chamber 15 is mounted a cylindrical vaned 


one at each side air-inlet 


type operated handles on 


air consisting of coaxial outer and inner tubes 


interconnected and 


99 


20, 20 respectively, by vanes an 


movable cowl operating as a valve to control 


Fig.1. 


axially 


the proportion of air admitted through the inner tube 20 
The 
lateral arrangement of the air-inlet ports in the chamber 
15 allows the ports to be of ample area, thus ensuring 
delivery into the chamber of air at low velocity. This 
distribution of the air around the air 
director and the and avoids distortion of the 
flame. When the is to coal fired, the 
burner is removed, the cowl 22 closes the mouth of the 
tube 20' and the outlet 21 is blanked-off a blind 
flange 40, shown in Fig. 2. This flange is held in 
by a spindle passing through the air director 
and clamped at its outer end by a handle-nut 27 


to mix with the atomised oil from the burner nozzle. 


gives uniform 
burner 
furnace be 
by 


ibs 


27 against 


a cover fitted over the burner opening in the front closure | 


plate 24. Combustion air passes downwards to the under 
grate space through butterfly valves on each side of the 
opening 11. The valves are secured on a common control 
spindle which is interlocked with the door 12 in the usual 
way. (Accepted June 25, 1940.) 


HYDRAULIC APPARATUS. 


522,824. Withdrawing Bore-Hole Casings. The Oil 
Well Engineering Company, Limited, of Cheadle Heath, 
and J. Cuthill, of Bramhall. (7 Figs.) December 19, 
The object of the invention to provide an 


improved spear for withdrawing ca from bore holes, 


1938 is 
Sing 
which is more easily recoverable if difficulties are encoun- 
tered The into the bore hole 
upon tubing suspended from a derrick of the usual type. 
\ pump mounted at the head of the bore hole is con- 
nected to the tubing to supply water under pressure to 
The spear is an elongated cylindrical 


space) 


casing spear is lowered 


operate the spear. 


horizontal, to save ind = consisting 
of two separable parts 11 12 jointed 
thread. The plug part il has a central bore to communi- 
cate with the tubing to which it At the 


lower end of the plug there is a reduced threaded portion 


body (shown 


and by a coarse 


is connected. 


upon which is screwed a collar having a crescent-section 
extension 20, and when the plug 11 is rotated in the lower 
body part 12, 
cylindrical cavity 21 
Below the valve 


this extension 20 is free to rotate around a 
which accommodates a non-return 


valve. is a reservoir 25 to hold sufficient 


oil | 


OcT. 4, 1940. 


water for operating the spear and to allow for slight 
leakage during operation. Below this chamber the body 
is reduced in diameter and this stem portion 26 is splined 
at either end. From the reservoir chamber 25 a narrow 
bore 30 leads to a port about half way along the stem. 
\ pair of collars 33 are fitted one at each end of the stem, 
these collars engaging the splines on it. The inward faces 
of the collars are recessed and between them are the slips 
35 which have serrated outer surfaces to engage the casing 
of the bore hole. 
accommodate spring hands which normally hold the slips 
in the collapsed position. Between the inside surfaces of 
the slips and the stem 26 is an annular space occupied by 

rubber sleeve 39. The ends of the sleeve fit the 
closely, leaving a central space between the sleeve and 
When water is forced through the bore 30 
displaces the slips 35 into 
of the well The 
cut on a helix, so that if 


Grooves in the outer surfaces of the slips 


stem 
the stem. 
it 
engagement 


expands the sleeve and 
with the wall 
serrated edges of the slips 


casing. 


are 





3D 35 26 
any difficulty is experienced in disengaging the slips 
from the casing the spear is rotated until the slips free 
themselves from the casing. When the slips have 
engaged the casing, the water in that portion of the spear 
the cavity 21 is held under pressure by the non- 
The pressure in the upper portion of the 


35 


below 
return valve. 
spear and the tubing by which it is suspended can then 
be released and as the casing is pulled out of the hole the 
various joints of the tubing can safely uncoupled. 
Should it be impossible to pull the casing up, the valve 


is opened and the slips released by rotating the suspension 
tubing through part This 
the plug 11 and causes the inner curved surface of the 
with the stem 
section 


of a revolution. unscrews 
extension 20 on the plug to be engaged 
of the non-return the 
having a wedging action on the valve stem. 
27, 1940.) 


crescent-shaped 
( Accepted 


valve, 
June 


LIFTING AND HAULING APPLIANCES. 


521,515. Safety Device for Hoists. The Austin Motor 
Company, Limited, of Northfield, Geo. W. King, Limited, 
of Hitchin, and L. H. Hall, of Quarry Bank. (6 Figs.) 
November 19, 1938.—-In this safety device for hoists the 
auxiliary chain B takes the load if the main cable fails. 
It passes up over a chain wheel D which is fixed on an 
axle d journalled at its ends in bearing blocks E, each of 
which slides in a slot in the respective side plate F. To 
the free end of the chain B is attached a weight, and the 
axle d carries a G. Two coil springs J 
bearing on the under surfaces of the two blocks E are 
supported by a bridge-piece K to the top face of which 
is welded a detent block M. One of the blocks carries a 
spring-loaded plunger N which normally bears against 
The strength of the springs is just 
wheels 


ratchet wheel 


one side of the slot. 
sufficient to support the weight of the blocks F. 
































and the chain B and weight. As the load is 
the cable, the chain runs freely 
over the chain D. If, however, the main cable 
should fail the load comes at once on to the chain B. 
This immediately tends to raise the weight but accelera- 
tion is resisted by the mass of the weight so that increased 
pressure is exerted on the springs. These yield, allowing 
the blocks E, with the wheels D and G to descend. This 
brings one of the ratchet teeth into engagement with the 
detent block M and prevents further rotation of the chain 
wheel D. At the same time, the descent of the block 
which carries the plunger N brings the latter opposite a 
notch P (see Fig. 2) in the side of the slot. The plunger 
snaps into the notch and holds the block down, keeping 
the ratchet tooth in engagement with the detent block M. 
When the main cable again supports the load, the plunge! 
is pressed back to allow the parts to resume their norma! 
position. When the axle d is in its lowest position, it 
operates a switch which cuts off the current to the hoist 
motor. (Accepted May 23, 1940.) 


D and G, 
raised and lowered by 
wheel 
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